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Figure I: MRI Brain in CNS TB
Figure I:  MRI Brain in CNS TB: A: Hydrocephalus as 
shown in MRI brain of one of our patients (No.22) 
depicted by dilated anterior and posterior horns of 
lateral ventricles (arrow heads),B: DWI MRI Brain 
showing restricted diffusion in right sided basal ganglia 
and thalamus regions in one of our patients (No.35) 
(arrow head in circle), C: Schematic of MRI Brain T1WI 
with contrast studded with multiple small tuberculomas 
(arrow heads)(No.72)D: MRI Brain T1WI with contrast 
showing basal meningeal enhancement (thick arrow 
head within circle) in one of our patients (No.83).
Figure II: MRI Brain findings and distribution of 
mortality: vertical double capped lines show 1 SD.
DISCUSSION
TBM is the most common cause of chronic meningitis 
caused by mycobacterium tuberculosis in the 
developing countries and is a major public health 
problem due to its permanent neurological sequelae 
and mortality. [4] It is the most common and severe form 
of central nervous system tuberculosis with invasion 
and involvement of the meninges and the underlying 
brain parenchyma. The diagnosis of TBM is elusive and 
high index of suspicion is necessary for early diagnoses. 
The definitive diagnosis of TBM is dependent on 
microbiological testing by demonstrating M. 
tuberculosis on smear as AFB or culture of the CSF. 
[16,17]CSF acid fast bacillus has a low sensitivity of 
20-40%.[18]CSF culture is a time-consuming procedure. 
Moreover, CSF culture can be negative in 15-75% of 
cases.[6] Treatment delay is often associated with high 
fatality therefore early recognition is of paramount 
importance as the clinical outcome depends upon the 
stage at which therapy is initiated.[2,17] Current 
antituberculous drugs are highly effective when 
treatment commences early, before the onset of 
complications.The typical neuroradiological findings of 
TBM appear due to the pathophysiology of TBM which 
can aid in the diagnosis of TBM.[19,20]However, the 
diagnostic value hasn’t been fully validated in studies. 
Moreover, data on the utility of neuroradiology in 
predicting the outcome of TBM is even more 
limited.Cranial imaging is useful in diagnosing TBM, 
predicting its complications and also has a prognostic 
value.[14,21-25]  Some studies comparing CT to MRI have 
indicated MRI as a superior diagnostic imaging 
modality.[23-25]  In this study, NECT brain was obtained in 
all the patients prior to lumbar puncture, due to easy 
availability and quick completion. CT brain was 
abnormal in 67% of the patients. In a review of 289 
patients published in the year 2000 CT brain was found 
to be abnormal in 87% cases.[26]  This difference in 
radiological yield may be attributed to the fact that they 
performed both NECT and CT with contrast while we 
only got the former done. MRI brain with contrast with 
DWI and ADC was done in 61% of the patients. Out of 
the 61 patients in whom MRI scans were done 88.5% 
had radiological findings. This finding is almost 
comparable to a study in which MRI brain revealed 
findings in 90% cases.[27]   MRI showed even more 
findings in cases where CT scan results were suspicious 
or normal especially in case of meningeal 
enhancement or tuberculomas as seen in earlier 
studies.[27] In this study 10 patients had normal CT 
scans of the brain, while the MRI scans of these 
patients revealed abnormal findings. MRI with contrast 
has higher efficacy for detecting tuberculomas, basal 
enhancement and infarction in TBM. Majority of the 
patients in this study presented in MRC stage 2 which 
is comparable with most of other studies. [28]The 
delayed presentation of TBM may be attributed to the 
poor socioeconomic background and low literacy rate of 
most of our patients, especially those from remote rural 
areas who do not seek proper medical assistance until 
the terminal stages of the disease. However, this just a 
theoretical assumption and requires proper statistical 
validation. Ischemia/infarcts were observed in 13% of 
the patients. Previous studies reported the incidence of 
infarction in TBM as ranging from 13% to 
53%.[29-31]Those patients who had infarcts on CT or MRI 
brain had greater morbidity reflected by MRC stage of 
mostly 3. Almost 60% mortality was seen in these 
patients. Infarcts have been shown to be associated 
with poor outcome in TBM as shown Wasay et al in their 
study.[14] MR scans especially DWI sequences were 
superior in detecting infarcts. The mean age of patients 
with TBM complicated by infarcts was 35.12 ± 2.18 
years (75% males)  in our study which was much lower 
than the mean of age of similar patients in their study 
i.e. 57 ± 17.6 (56.7% males). They attributed it to 
Ischemic heart disease while we propose an infection 
relatedvasculitis as the etiology which tends to be more 
common in younger patients. This however, needs 
validation in a separate study designed to evaluate 
patients of TBM with infarcts alone.Tuberculomas were 
detected in 33 of the patients in this study (54%). 
Tuberculomas are common forms of CNS TB and result 
from parenchymal rich foci.[10]Tuberculomas are 
frequently multiple. [10,26,27]In this study 82.4% of these 
33 patients had multiple tuberculomas. Patients with 
tuberculomas were mostly in MRC stage 2. However, 
mortality was not statistically significant. This is in 
contrast to older studies;[32] but corresponds to the 
results of the study by Wasay et al.[14] Hydrocephalus is 
a common complication of TBM, and was seen in 61% 
cases in this study which is in accordance with most of 
the other studies.[32,33]The reported frequency of 
hydrocephalus varies from 12% to 77% in patients with 
TBM in various case series.[16,32-34] Patients with 
hydrocephalus were mostly in MRC stage 2 and had a 
higher mortality compared to those with normal 
neuroimaging. In conclusion, patients with infarcts had 
a worse outcome as compared to those with 
hydrocephalus or tuberculomas.MRI scans provided 
additional findings such as tuberculomas and infarcts 
not identified on CT. This might help in modifying drug 
regime or duration of therapy by follow up scans and 
comparing scans for resolution of findings. This study 
was limited by the fact that patients were screened only 
at the commencement of therapy, and there was no set 
protocol for follow up of patients who develop these 
complications during the course of treatment or 
whether initiating prompt therapy conferred a better 
outcome as we did not study end of treatment 
outcomes.  Neuroradiological findings such as infarcts, 
tuberculoma or hydrocephalus, are helpful for the 
diagnosis of TBM in the early stages before a 
microbiological diagnosis is established.[35-37] MRI and 
CT scanning are also critical in predicting the outcome 
and in evaluating the complications of the disease as 
shown in the study by Wasay et al.[14] Therefore, MRI 
brain with contrast and DWI sequences should be 
performed for all patients in the early stage of the 
disease to detect specific signs related with poor 
outcome. It may reveal specific radiological findings 
associated with TBM which contribute to diagnostic 
certainty.
CONCLUSION
Neuroimaging techniques are a handy tool in the early 
diagnosis of TBM. MRI is particularly helpful in defining 
findings such as infarcts and tuberculomas and in 
predicting mortality and morbidity.
DISCLAIMER
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ABSTRACT
Objective:Utility of real time multimodal intraoperative neurophysiological monitoring in different intracranial, spinal 
and peripheral nerve at a tertiary care hospital in Karachi Pakistan.Study design: A retrospective observational study
Place and duration of study: Patients admitted in neurology and neurosurgery services as well as out-patients 
presenting to the clinical neurophysiology lab at the Aga Khan University Hospital Karachi between January 2012 to 
December 2013.Methodology: The study consisted of 14 patients undergoing different intracranial, spinal and 
peripheral nerve surgeries including correction of spinal scoliosis, spinal cord lesion ,acoustic neuroma resection and 
plexus and peripheral nerve repaired. Among the electrophysiological methods patients were monitored using including 
SSEP, BAEP and EMG (free-running and triggered). EMG was done on Nihon Kohden Viking Quest from Nicolet Co. For 
SSEPs GillioNT from EB Neuro Co, and for NIOM carefusion from Nicolet Co was used.Results: Mean age of patients 
was 39 years (4-70 years). SSEP, BAEP and EMG (free-running and triggered) were recorded, during various surgeries. 
Of total 14 patients, no patient expressed a significant alert to prompt reversal of ongoing intervention. No patients 
awoke with a new neurological deficit and none had significant intraoperative SSEP /EMG alerts. Conclusion: 
Neurophysiologic intraoperative monitoring appears to be the modern standard of care for monitoring functional 
integrity and minimizing the risk of iatrogenic damage to the central and peripheral nervous system.
Keywords: electrophysiological monitoring, spinal cord surgeries, somatosensory evoked potentials, brainstem evoked 
potentials
O R I G I N A L  A R T I C L E
INTRODUCTION 
IONM is used to monitor thefunctional integrity of the 
central or peripheral nervous system in “real time” ,that 
is during the ongoing operative procedures. It alarms 
the surgeon to potential neurologic injury and prompt 
implementation of corrective measures to prevent 
permanent disability, thus improves surgical 
outcomes[1]. IONM is performed using a variety of 
neurophysiologic techniques including; Evoked 
potentials (EPs), Electromyography (EMG), Nerve 
action potential (NAP)and Electroencephalography 
(EEG) to monitor the functional integrity of certain 
neural structures (e.g. nerves, spinal cord and parts of 
the brain) during surgery. [2]
Somatosensory Evoked Potentials (SSEP)
SSEP evaluates the integrity of the large fiber sensory 
system. SSEP are obtained by direct electrical 
stimulation of peripheral nerves and recording at 
different levels within the neuraxis. Serially recorded 
responses are compared with laboratory norms. 
Establishing a reproducible baseline recording prior to 
any positioning or surgical manipulations is important. 
Changes from the baseline responses are the most 
important indicators of neurological dysfunction. Blood 
pressure, temperature and volatile anesthetics effects 
(halogenated and nitrous oxide) should be monitored 
simultaneously with the neurophysiologic data. [3]  SSEP 
uses in different surgical procedures like spinal surgery, 
carotid surgeries including endarterectomy, cerebral 
aneurysm surgery, Aortic cross-clamping and 
localization of sensorimotor cortex.
Brainstem Auditory Evoked Potentials (BAEP) 
BAEPs are short-latency potentials reflecting the 
depolarization of several structures within the auditory 
pathways. It is essential that these baseline BAEPs be 
recorded using the same parameters for stimulation 
and recording that are to be used for intraoperative 
monitoring.
Anatomical localization of BAEP Waves:-
Recordings are obtained by stimulating with auditory 
clicks in the ear. Compression, traction, thermal injury, 
and ischemia are the commonest causes of surgical 
injurries to auditory system. Ischemia of the cochlea 
occurs from trauma to the internal auditory artery and 
causes a sudden loss of all BAEP waveforms. BAEP is 
insensitive to anesthetics including volatile agents. [4]
Changes in latency, interlatencies difference and 
amplitude of BEAP waves I, III and V can be monitored 
during CPA tumors surgery, microvascular 
decompression (MVD) of VII nerve,V nerve and IX 
nerve, skull base surgery, suboccipital decompression 
and vascular surgeries of posterior circulation.The 
stimulus use for BAEP is an auditory click which is a 
broad band sound range between (500-4000 Hz) 
delivering various audio frequencies so BAEP cannot 
exclude a specific frequency hearing deficit or a mild 
hearing deficit(<500hz). BAEP can change 
dramatically in neonates and infants before the age of 
two years. 
Motor Evoked Potentials(MEP):-
SSEP monitoring was used in the past to reduce the 
risk of motor system injury. [5]However, significant motor 
deficits have been seen in patients undergoing spinal 
surgery despite normal SSEPs.[5][6] In conjunction with 
MEP and SSEPs, the anterior and posterior portions of 
the spinal cord can be monitored together. MEPs are 
sensitive to volatile anesthetic(halogenated and nitrous 
oxide) and especially neuromuscular blockade. Motor 
evoked potentials (MEPs) are obtained by electrically 
stimulating the brain and recording the response over 
the spinal cord (Direct = D and Indirect = I waves), 
peripheral nerves (nerve action potentials), or muscles 
(compound muscle action potentials). For robust MEP 
signals, complete loss of MEP signal or abrupt 
significant decrease in amplitude of 80% or more in the 
absence of an explanation other than surgical injury is 
considered significant. Gradual changes in MEP signals 
more commonly reflect systemic factors or an 
“anesthetic fade” phenomenon [7].Indications for MEP 
monitoring include any surgery risking motor injury. The 
most common indications arise during tumor or 
epileptic focus resections near the motor cortex or 
corticospinal tract, intracranial aneurysm clipping, 
posterior fossa surgery, craniocervical junction and 
spinal operations, spinal cord procedures and tethered 
cord or caudaequinasurgeries.Vascular indications 
include descending aortic procedures, spinal 
arteriovenous malformation interventions and carotid 
endarterectomy.Safety issues include thermal injury of 
the brain or scalp, bite injuries, seizures, 
movement-induced injury and  arrhythmias. Relative 
contraindications include patients with epilepsy, 
cortical lesions, skull defects, intracranial vascular 
clips, shunts, or electrodes; and pacemakers or other 
implanted bioelectric devices. [8]
Free-running and Triggered EMG :-
Free-run EMG (f-EMG) consists of recording 
spontaneous muscle activity, thus allowing its real-time 
assessment.  IONM use as a monitoring tool helps for 
detecting surgically driven mechanical irritation of the 
peripheral nervous system and of the cranial nerves, 
before irreversible damage to these structures 
occurred. Triggered EMG consists of applying an 
electrical stimulus, directly on the peripheral motor 
nerves or roots, for eliciting CMAPs to be recorded in 
the corresponding muscles. Thus, it can be used as a 
mapping tool for detecting the location of peripheral or 
cranial nerves that may be difficult to distinguish from 
tumoral, fibrous and fatty tissues during surgical 
resections. Triggered EMG can also be used in checking 
the functions of injured nerves, roots, or trunks by 
assessing the electrical transmission through such 
structures and comparing it with a healthy (or 
presurgical) baseline. Free-run and triggered EMG uses 
in facial nerve/other cranial nerve monitoring, selective 
dorsal rhizotomy,tethered spinal cord release and 
pedicle screw placement.[9][10]
Methodology:-
We evaluated the retrospectively collected 
neuromonitoring data of 14 consecutive post operated 
cases including idiopathic spinal scoliosis, tethered 
cord syndrome, intramedullary spinal cord tumor, 
Acoustic neuroma , Post traumatic right Brachial 
plexopathy repair, Right Spastic hemiparesis by 
independent observer from  2012 -to -2013. Patients 
with established diagnosis with age group 4 to 70 years 
operated at single institution Aga Khan University 
Hospital Karachi, Pakistan. Retrospectively collected 
medical records, intraoperative monitoring records, 
operative narratives and outpatient clinical notes for all 
patients were reviewed. SSEP, Free-running and 
Trigged- EMG and BEAP were the used methods of 
IONM. Important demographic and clinical data were 
documented including age, gender.Preoperative 
neurological status obtained from the outpatient 
clinical notes, baseline neurophysiologic and 
radiographic data were reviewed by an observer. The 
operative reports, intraoperative monitoring records 
were recorded retrospectively and to determine specific 
intraoperative events, changes in the amplitude or 
latency of SSEP/BEAP and neurotonic discharges and 
CMAP response of Free-running and Trigged- EMG. 
Filumterminale or other tether wereidentified before 
transection by help of EMG monitoring of sphincter and 
lower limb muscles.
Monitoring:-
All neurophysiologic monitoring was performed by 
consultant neurophysiologist and trained technologists 
with experience in IONM. Baseline (Pre operative) and 
serial neurophysiologic monitoring was done. SSEP, 
BEAP, Free-running and Trigged- EMG were recorded 
pre and per operatively. Repeated recordings were 
taken from both lower and upper-extremities for 
Free-running and Triggered- EMG potentials. 
Lower-extremity (posterior tibial nerves) and 
upper-extremity (median nerves) were recorded for 
SSEP. 
Somatosensory-evoked potentials (SSEP):-
Both cortical (N20,P37) and peripheral (popliteal and 
erbs potentials) SSEP were elicited by a 300-µs 
square-wave electrical pulse presented, in turn, to the 
posterior tibial and median nerves at a rate of 4.7/s. 
Stimulation intensity levels ranged from 25 to 45 
mA.The recording band pass was typically 30 – 1 kHz 
(-3db). An analysis time of 75-150 ms for lower limb 
and 50 ms for upper limb was used.Generally 250 – 
1000 trials were needed; the number of trials 
depended on the amount of noise present and the 
amplitude of the SSEP signal itself (signal to noise 
ratio)[11].Cortical potentials were recorded from 
standard disc EEG electrodes affixed to standard cranial 
locations and referenced as per international criteria of 
monitoring [12][13][14][15].
Continuous Free-Running EMG Monitoring:-
Identification of neurotonic discharges are used to alert 
the surgeon of inadvertent trauma to roots and 
peripheral nerves in an effort to prevent irreversible 
nerve injury. Electromyography was typically recorded 
using paired intramuscular needle electrodes, which 
were insertedafter the patient was anesthetized but 
before the surgery started. The time base was100 
msec/division and the display sensitivity was 
50microV/division [2].
Stimulus-Triggered EMG :- 
Intraoperative CMAP responses are typically recorded 
using intramuscular needle electrodes and submaximal 
stimulation and polyphasic responses with variable 
onset latencies and amplitudes [16].The stimulator used 
was typically a hand-held monopolar or bipolar sterile 
device used within the operative field by the surgeon. 
The time base was 10 msec/ division and the display 
sensitivity  was 50 microV/division.
Significant alert:- 
Significant alert demanding intervention was defined as 
persistent neurotonic discharges in continuous 
free-running EMG monitoring and all-or-nothing 
CMAP-responses in Stimulus-triggered EMG 
monitoring, ≥50% of the amplitude reduction and or 
increase in the latency by ≥10% of the SSEP relative to 
a stable baseline.[2][3][13][17]
Results:-
There were 14 patients (8 male, 6 female patients) 
ranging in age from 4 to 70 years (average age 39 
years old) at the time of surgery. Preoperative baseline 
monitoring with the standard neuromonitoring protocol 
of SSEP was available in all required patients. A total of 
14 patients underwent for different corrective 
surgeries. All 14 patients did not show any signal alert 
and had no postoperative new neurodeficit. However 
one patient with acoustic neuroma on clinic follow up 
had worsening of facial weakness (House-Brackmann 
grade from II- to –III). Out of 14 patients in this study, 
six patients were spinal scoliosis, four patients had 
tethered cord syndrome with or without 
lipo/meningomyelocele, one patient with intramedullary 
thoracic spinal cord tumors, one patient with acoustic 
neuroma, one patient with post trumatic right brachial 
plexopathy and one patient with right Spastic 
hemiparesis. Filumterminale or other tether were 
identified before transection by help of triggered-EMG 
monitoring of sphincter and lower limb muscles.Out of 
the total of 14 patients, eight patients showed no 
neurodeficit in outpatient clinic and five patients were 
lost to follow up while one patient showed minimal 
worsen of facial neuropathy.
Discussion:-
IONM is the use of electrophysiological methods such 
as evoked potentials (e,g.SSEP,MEP,BAEP) and 
electromyography (EMG) to monitor the functional 
integrity of certain  neural structures (e.g.nerves, spinal 
cord and parts of the brain) during surgery. The purpose 
of IONM is to reduce the risk of iatrogenic damage to 
the peripheral and central nervous system, and provide 
optimal functional guidance to the surgeon.Patients 
benefit from neuromonitoring during almost any surgery 
where there is risk to the nervous system. Most 
neuromonitoring is utilized by spine surgeons, but 
neurosurgeons, vascular, orthopedic, and 
otolaryngologists have all utilized neuromonitoring. The 
most common applications are in spinal surgery; 
selected brain surgeries; carotid endarterectomy, ENT 
procedures, acoustic neuroma resection, parotidectomy 
and peripheral nerve surgery. Motor evoked potentials 
have also been used in surgery for TAAA 
(thoracic-abdominal aortic aneurysms). Intraoperative 
monitoring is used to localize neural structures, to test 
function of these structures; and for early detection of 
intraoperative injury, allowing for immediate corrective 
measures.SSEP is used to monitor spinal cord function. 
A baseline pre-operatively is obtained, and if there are 
no significant changes during surgery the assumption is 
that the spinal cord has not been injured. If there is a 
significant change, corrective measures can be taken 
promptly. More recently transcranial electric motor 
evoked potentials (MEP) have also been used for spinal 
cord monitoring. EMG is used for cranial nerve 
monitoring in skull base pathologies and for nerve root 
monitoring and testing in spinal surgery. BAEP is used 
for monitoring of the acoustic nerve during acoustic 
neuroma and brainstem tumor resections.In 1992, the 
Scoliosis Research Society issued a position statement 
regarding the use of neurophysiologic monitoring during 
spinal surgery. They concluded that, ‘A substantial body 
of research has demonstrated that neurophysiologic 
monitoring can assist in the early detection of 
complications, and can possibly prevent postoperative 
morbidity in patients undergoing operations on the spine 
[18]. The Scoliosis Research Society considers 
neurophysiologic monitoring a viable alternative, as well 
as an adjunct, to the use of the wake-up test during 
spinal surgery.The goal of neurophysiologic monitoring is 
rapid detection of any neurological insult during surgical 
intervention on the nervous system and prompt early 
intervention, thus reversing the insult and avoiding 
adverse clinical sequelae. In our study, there was no 
case that had signal change in SSEP or neurotonic 
discharges on free-running EMG. Our study supports 
that neuromonitoring with SSEP and EMG during 
surgical correction is feasible and provides useful 
neurophysiologic data to reverse neurological insult. 
However in our study, IONM for spinal cord surgical 
correction was done with SSEP only. Isolated SSEP 
monitoring is not the standard of care anymore [19][20] 
.With MEP, combined multimodal spinal cord monitoring 
is more reliable to avoid neurological injury and provides 
additional information concerning the integrity of all 
neurological tracts of the spinal cordnot obtained with 
SSEP alone[21][22] .There are limitations of this study. 
Firstly all cases of spinal cord corrective surgeries 
particularly for scoliosis were used only SSEP modality 
without MEP monitoring due to unavailability in our 
hospital. Secondly, very few trained neurosurgeons 
request for neurophysiological intraoperative monitoring 
and therefore it was a very small sample size. Thirdly, 
there were no proper grounding setup in the operative 
room (OR) for otherwise preventable artifacts seen 
during monitoring. Fourthly, lack of knowledge of drugs 
effect on neurophysiologic modalities during NIOM by 
anesthetic team were also noted.
Conclusion:-
Multimodality neurophysiologic intraoperative 
monitoring appears to be the standard of care for 
monitoring functional integrity and reducing the risk of 
iatrogenic damage to the nervous system and to provide 
functional guidance to the surgeon. SSEP and MEP 
should be used together for spinal cord surgeries to 
minimize nervous tissues insults. 
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Figure I: MRI Brain in CNS TB
Figure I:  MRI Brain in CNS TB: A: Hydrocephalus as 
shown in MRI brain of one of our patients (No.22) 
depicted by dilated anterior and posterior horns of 
lateral ventricles (arrow heads),B: DWI MRI Brain 
showing restricted diffusion in right sided basal ganglia 
and thalamus regions in one of our patients (No.35) 
(arrow head in circle), C: Schematic of MRI Brain T1WI 
with contrast studded with multiple small tuberculomas 
(arrow heads)(No.72)D: MRI Brain T1WI with contrast 
showing basal meningeal enhancement (thick arrow 
head within circle) in one of our patients (No.83).
Figure II: MRI Brain findings and distribution of 
mortality: vertical double capped lines show 1 SD.
DISCUSSION
TBM is the most common cause of chronic meningitis 
caused by mycobacterium tuberculosis in the 
developing countries and is a major public health 
problem due to its permanent neurological sequelae 
and mortality. [4] It is the most common and severe form 
of central nervous system tuberculosis with invasion 
and involvement of the meninges and the underlying 
brain parenchyma. The diagnosis of TBM is elusive and 
high index of suspicion is necessary for early diagnoses. 
The definitive diagnosis of TBM is dependent on 
microbiological testing by demonstrating M. 
tuberculosis on smear as AFB or culture of the CSF. 
[16,17]CSF acid fast bacillus has a low sensitivity of 
20-40%.[18]CSF culture is a time-consuming procedure. 
Moreover, CSF culture can be negative in 15-75% of 
cases.[6] Treatment delay is often associated with high 
fatality therefore early recognition is of paramount 
importance as the clinical outcome depends upon the 
stage at which therapy is initiated.[2,17] Current 
antituberculous drugs are highly effective when 
treatment commences early, before the onset of 
complications.The typical neuroradiological findings of 
TBM appear due to the pathophysiology of TBM which 
can aid in the diagnosis of TBM.[19,20]However, the 
diagnostic value hasn’t been fully validated in studies. 
Moreover, data on the utility of neuroradiology in 
predicting the outcome of TBM is even more 
limited.Cranial imaging is useful in diagnosing TBM, 
predicting its complications and also has a prognostic 
value.[14,21-25]  Some studies comparing CT to MRI have 
indicated MRI as a superior diagnostic imaging 
modality.[23-25]  In this study, NECT brain was obtained in 
all the patients prior to lumbar puncture, due to easy 
availability and quick completion. CT brain was 
abnormal in 67% of the patients. In a review of 289 
patients published in the year 2000 CT brain was found 
to be abnormal in 87% cases.[26]  This difference in 
radiological yield may be attributed to the fact that they 
performed both NECT and CT with contrast while we 
only got the former done. MRI brain with contrast with 
DWI and ADC was done in 61% of the patients. Out of 
the 61 patients in whom MRI scans were done 88.5% 
had radiological findings. This finding is almost 
comparable to a study in which MRI brain revealed 
findings in 90% cases.[27]   MRI showed even more 
findings in cases where CT scan results were suspicious 
or normal especially in case of meningeal 
enhancement or tuberculomas as seen in earlier 
studies.[27] In this study 10 patients had normal CT 
scans of the brain, while the MRI scans of these 
patients revealed abnormal findings. MRI with contrast 
has higher efficacy for detecting tuberculomas, basal 
enhancement and infarction in TBM. Majority of the 
patients in this study presented in MRC stage 2 which 
is comparable with most of other studies. [28]The 
delayed presentation of TBM may be attributed to the 
poor socioeconomic background and low literacy rate of 
most of our patients, especially those from remote rural 
areas who do not seek proper medical assistance until 
the terminal stages of the disease. However, this just a 
theoretical assumption and requires proper statistical 
validation. Ischemia/infarcts were observed in 13% of 
the patients. Previous studies reported the incidence of 
infarction in TBM as ranging from 13% to 
53%.[29-31]Those patients who had infarcts on CT or MRI 
brain had greater morbidity reflected by MRC stage of 
mostly 3. Almost 60% mortality was seen in these 
patients. Infarcts have been shown to be associated 
with poor outcome in TBM as shown Wasay et al in their 
study.[14] MR scans especially DWI sequences were 
superior in detecting infarcts. The mean age of patients 
with TBM complicated by infarcts was 35.12 ± 2.18 
years (75% males)  in our study which was much lower 
than the mean of age of similar patients in their study 
i.e. 57 ± 17.6 (56.7% males). They attributed it to 
Ischemic heart disease while we propose an infection 
relatedvasculitis as the etiology which tends to be more 
common in younger patients. This however, needs 
validation in a separate study designed to evaluate 
patients of TBM with infarcts alone.Tuberculomas were 
detected in 33 of the patients in this study (54%). 
Tuberculomas are common forms of CNS TB and result 
from parenchymal rich foci.[10]Tuberculomas are 
frequently multiple. [10,26,27]In this study 82.4% of these 
33 patients had multiple tuberculomas. Patients with 
tuberculomas were mostly in MRC stage 2. However, 
mortality was not statistically significant. This is in 
contrast to older studies;[32] but corresponds to the 
results of the study by Wasay et al.[14] Hydrocephalus is 
a common complication of TBM, and was seen in 61% 
cases in this study which is in accordance with most of 
the other studies.[32,33]The reported frequency of 
hydrocephalus varies from 12% to 77% in patients with 
TBM in various case series.[16,32-34] Patients with 
hydrocephalus were mostly in MRC stage 2 and had a 
higher mortality compared to those with normal 
neuroimaging. In conclusion, patients with infarcts had 
a worse outcome as compared to those with 
hydrocephalus or tuberculomas.MRI scans provided 
additional findings such as tuberculomas and infarcts 
not identified on CT. This might help in modifying drug 
regime or duration of therapy by follow up scans and 
comparing scans for resolution of findings. This study 
was limited by the fact that patients were screened only 
at the commencement of therapy, and there was no set 
protocol for follow up of patients who develop these 
complications during the course of treatment or 
whether initiating prompt therapy conferred a better 
outcome as we did not study end of treatment 
outcomes.  Neuroradiological findings such as infarcts, 
tuberculoma or hydrocephalus, are helpful for the 
diagnosis of TBM in the early stages before a 
microbiological diagnosis is established.[35-37] MRI and 
CT scanning are also critical in predicting the outcome 
and in evaluating the complications of the disease as 
shown in the study by Wasay et al.[14] Therefore, MRI 
brain with contrast and DWI sequences should be 
performed for all patients in the early stage of the 
disease to detect specific signs related with poor 
outcome. It may reveal specific radiological findings 
associated with TBM which contribute to diagnostic 
certainty.
CONCLUSION
Neuroimaging techniques are a handy tool in the early 
diagnosis of TBM. MRI is particularly helpful in defining 
findings such as infarcts and tuberculomas and in 
predicting mortality and morbidity.
DISCLAIMER
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INTRODUCTION 
IONM is used to monitor thefunctional integrity of the 
central or peripheral nervous system in “real time” ,that 
is during the ongoing operative procedures. It alarms 
the surgeon to potential neurologic injury and prompt 
implementation of corrective measures to prevent 
permanent disability, thus improves surgical 
outcomes[1]. IONM is performed using a variety of 
neurophysiologic techniques including; Evoked 
potentials (EPs), Electromyography (EMG), Nerve 
action potential (NAP)and Electroencephalography 
(EEG) to monitor the functional integrity of certain 
neural structures (e.g. nerves, spinal cord and parts of 
the brain) during surgery. [2]
Somatosensory Evoked Potentials (SSEP)
SSEP evaluates the integrity of the large fiber sensory 
system. SSEP are obtained by direct electrical 
stimulation of peripheral nerves and recording at 
different levels within the neuraxis. Serially recorded 
responses are compared with laboratory norms. 
Establishing a reproducible baseline recording prior to 
any positioning or surgical manipulations is important. 
Changes from the baseline responses are the most 
important indicators of neurological dysfunction. Blood 
pressure, temperature and volatile anesthetics effects 
(halogenated and nitrous oxide) should be monitored 
simultaneously with the neurophysiologic data. [3]  SSEP 
uses in different surgical procedures like spinal surgery, 
carotid surgeries including endarterectomy, cerebral 
aneurysm surgery, Aortic cross-clamping and 
localization of sensorimotor cortex.
Brainstem Auditory Evoked Potentials (BAEP) 
BAEPs are short-latency potentials reflecting the 
depolarization of several structures within the auditory 
pathways. It is essential that these baseline BAEPs be 
recorded using the same parameters for stimulation 
and recording that are to be used for intraoperative 
monitoring.
Anatomical localization of BAEP Waves:-
Recordings are obtained by stimulating with auditory 
clicks in the ear. Compression, traction, thermal injury, 
and ischemia are the commonest causes of surgical 
injurries to auditory system. Ischemia of the cochlea 
occurs from trauma to the internal auditory artery and 
causes a sudden loss of all BAEP waveforms. BAEP is 
insensitive to anesthetics including volatile agents. [4]
Changes in latency, interlatencies difference and 
amplitude of BEAP waves I, III and V can be monitored 
during CPA tumors surgery, microvascular 
decompression (MVD) of VII nerve,V nerve and IX 
nerve, skull base surgery, suboccipital decompression 
and vascular surgeries of posterior circulation.The 
stimulus use for BAEP is an auditory click which is a 
broad band sound range between (500-4000 Hz) 
delivering various audio frequencies so BAEP cannot 
exclude a specific frequency hearing deficit or a mild 
hearing deficit(<500hz). BAEP can change 
dramatically in neonates and infants before the age of 
two years. 
Motor Evoked Potentials(MEP):-
SSEP monitoring was used in the past to reduce the 
risk of motor system injury. [5]However, significant motor 
deficits have been seen in patients undergoing spinal 
surgery despite normal SSEPs.[5][6] In conjunction with 
MEP and SSEPs, the anterior and posterior portions of 
the spinal cord can be monitored together. MEPs are 
sensitive to volatile anesthetic(halogenated and nitrous 
oxide) and especially neuromuscular blockade. Motor 
evoked potentials (MEPs) are obtained by electrically 
stimulating the brain and recording the response over 
the spinal cord (Direct = D and Indirect = I waves), 
peripheral nerves (nerve action potentials), or muscles 
(compound muscle action potentials). For robust MEP 
signals, complete loss of MEP signal or abrupt 
significant decrease in amplitude of 80% or more in the 
absence of an explanation other than surgical injury is 
considered significant. Gradual changes in MEP signals 
more commonly reflect systemic factors or an 
“anesthetic fade” phenomenon [7].Indications for MEP 
monitoring include any surgery risking motor injury. The 
most common indications arise during tumor or 
epileptic focus resections near the motor cortex or 
corticospinal tract, intracranial aneurysm clipping, 
posterior fossa surgery, craniocervical junction and 
spinal operations, spinal cord procedures and tethered 
cord or caudaequinasurgeries.Vascular indications 
include descending aortic procedures, spinal 
arteriovenous malformation interventions and carotid 
endarterectomy.Safety issues include thermal injury of 
the brain or scalp, bite injuries, seizures, 
movement-induced injury and  arrhythmias. Relative 
contraindications include patients with epilepsy, 
cortical lesions, skull defects, intracranial vascular 
clips, shunts, or electrodes; and pacemakers or other 
implanted bioelectric devices. [8]
Free-running and Triggered EMG :-
Free-run EMG (f-EMG) consists of recording 
spontaneous muscle activity, thus allowing its real-time 
assessment.  IONM use as a monitoring tool helps for 
detecting surgically driven mechanical irritation of the 
peripheral nervous system and of the cranial nerves, 
before irreversible damage to these structures 
occurred. Triggered EMG consists of applying an 
electrical stimulus, directly on the peripheral motor 
nerves or roots, for eliciting CMAPs to be recorded in 
the corresponding muscles. Thus, it can be used as a 
mapping tool for detecting the location of peripheral or 
cranial nerves that may be difficult to distinguish from 
tumoral, fibrous and fatty tissues during surgical 
resections. Triggered EMG can also be used in checking 
the functions of injured nerves, roots, or trunks by 
assessing the electrical transmission through such 
structures and comparing it with a healthy (or 
presurgical) baseline. Free-run and triggered EMG uses 
in facial nerve/other cranial nerve monitoring, selective 
dorsal rhizotomy,tethered spinal cord release and 
pedicle screw placement.[9][10]
Methodology:-
We evaluated the retrospectively collected 
neuromonitoring data of 14 consecutive post operated 
Name Wave  Anatomical location
(probable)
 
I  Distal acoustic nerve
(Action potential)
 
II  Proximal acoustic nerve /
Cochlear nucleus
 
III  Lower pons  
IV  Mid/upper pons  
V  Lower midbrain( inferior
colliculus)
 
cases including idiopathic spinal scoliosis, tethered 
cord syndrome, intramedullary spinal cord tumor, 
Acoustic neuroma , Post traumatic right Brachial 
plexopathy repair, Right Spastic hemiparesis by 
independent observer from  2012 -to -2013. Patients 
with established diagnosis with age group 4 to 70 years 
operated at single institution Aga Khan University 
Hospital Karachi, Pakistan. Retrospectively collected 
medical records, intraoperative monitoring records, 
operative narratives and outpatient clinical notes for all 
patients were reviewed. SSEP, Free-running and 
Trigged- EMG and BEAP were the used methods of 
IONM. Important demographic and clinical data were 
documented including age, gender.Preoperative 
neurological status obtained from the outpatient 
clinical notes, baseline neurophysiologic and 
radiographic data were reviewed by an observer. The 
operative reports, intraoperative monitoring records 
were recorded retrospectively and to determine specific 
intraoperative events, changes in the amplitude or 
latency of SSEP/BEAP and neurotonic discharges and 
CMAP response of Free-running and Trigged- EMG. 
Filumterminale or other tether wereidentified before 
transection by help of EMG monitoring of sphincter and 
lower limb muscles.
Monitoring:-
All neurophysiologic monitoring was performed by 
consultant neurophysiologist and trained technologists 
with experience in IONM. Baseline (Pre operative) and 
serial neurophysiologic monitoring was done. SSEP, 
BEAP, Free-running and Trigged- EMG were recorded 
pre and per operatively. Repeated recordings were 
taken from both lower and upper-extremities for 
Free-running and Triggered- EMG potentials. 
Lower-extremity (posterior tibial nerves) and 
upper-extremity (median nerves) were recorded for 
SSEP. 
Somatosensory-evoked potentials (SSEP):-
Both cortical (N20,P37) and peripheral (popliteal and 
erbs potentials) SSEP were elicited by a 300-µs 
square-wave electrical pulse presented, in turn, to the 
posterior tibial and median nerves at a rate of 4.7/s. 
Stimulation intensity levels ranged from 25 to 45 
mA.The recording band pass was typically 30 – 1 kHz 
(-3db). An analysis time of 75-150 ms for lower limb 
and 50 ms for upper limb was used.Generally 250 – 
1000 trials were needed; the number of trials 
depended on the amount of noise present and the 
amplitude of the SSEP signal itself (signal to noise 
ratio)[11].Cortical potentials were recorded from 
standard disc EEG electrodes affixed to standard cranial 
locations and referenced as per international criteria of 
monitoring [12][13][14][15].
Continuous Free-Running EMG Monitoring:-
Identification of neurotonic discharges are used to alert 
the surgeon of inadvertent trauma to roots and 
peripheral nerves in an effort to prevent irreversible 
nerve injury. Electromyography was typically recorded 
using paired intramuscular needle electrodes, which 
were insertedafter the patient was anesthetized but 
before the surgery started. The time base was100 
msec/division and the display sensitivity was 
50microV/division [2].
Stimulus-Triggered EMG :- 
Intraoperative CMAP responses are typically recorded 
using intramuscular needle electrodes and submaximal 
stimulation and polyphasic responses with variable 
onset latencies and amplitudes [16].The stimulator used 
was typically a hand-held monopolar or bipolar sterile 
device used within the operative field by the surgeon. 
The time base was 10 msec/ division and the display 
sensitivity  was 50 microV/division.
Significant alert:- 
Significant alert demanding intervention was defined as 
persistent neurotonic discharges in continuous 
free-running EMG monitoring and all-or-nothing 
CMAP-responses in Stimulus-triggered EMG 
monitoring, ≥50% of the amplitude reduction and or 
increase in the latency by ≥10% of the SSEP relative to 
a stable baseline.[2][3][13][17]
Results:-
There were 14 patients (8 male, 6 female patients) 
ranging in age from 4 to 70 years (average age 39 
years old) at the time of surgery. Preoperative baseline 
monitoring with the standard neuromonitoring protocol 
of SSEP was available in all required patients. A total of 
14 patients underwent for different corrective 
surgeries. All 14 patients did not show any signal alert 
and had no postoperative new neurodeficit. However 
one patient with acoustic neuroma on clinic follow up 
had worsening of facial weakness (House-Brackmann 
grade from II- to –III). Out of 14 patients in this study, 
six patients were spinal scoliosis, four patients had 
tethered cord syndrome with or without 
lipo/meningomyelocele, one patient with intramedullary 
thoracic spinal cord tumors, one patient with acoustic 
neuroma, one patient with post trumatic right brachial 
plexopathy and one patient with right Spastic 
hemiparesis. Filumterminale or other tether were 
identified before transection by help of triggered-EMG 
monitoring of sphincter and lower limb muscles.Out of 
the total of 14 patients, eight patients showed no 
neurodeficit in outpatient clinic and five patients were 
lost to follow up while one patient showed minimal 
worsen of facial neuropathy.
Discussion:-
IONM is the use of electrophysiological methods such 
as evoked potentials (e,g.SSEP,MEP,BAEP) and 
electromyography (EMG) to monitor the functional 
integrity of certain  neural structures (e.g.nerves, spinal 
cord and parts of the brain) during surgery. The purpose 
of IONM is to reduce the risk of iatrogenic damage to 
the peripheral and central nervous system, and provide 
optimal functional guidance to the surgeon.Patients 
benefit from neuromonitoring during almost any surgery 
where there is risk to the nervous system. Most 
neuromonitoring is utilized by spine surgeons, but 
neurosurgeons, vascular, orthopedic, and 
otolaryngologists have all utilized neuromonitoring. The 
most common applications are in spinal surgery; 
selected brain surgeries; carotid endarterectomy, ENT 
procedures, acoustic neuroma resection, parotidectomy 
and peripheral nerve surgery. Motor evoked potentials 
have also been used in surgery for TAAA 
(thoracic-abdominal aortic aneurysms). Intraoperative 
monitoring is used to localize neural structures, to test 
function of these structures; and for early detection of 
intraoperative injury, allowing for immediate corrective 
measures.SSEP is used to monitor spinal cord function. 
A baseline pre-operatively is obtained, and if there are 
no significant changes during surgery the assumption is 
that the spinal cord has not been injured. If there is a 
significant change, corrective measures can be taken 
promptly. More recently transcranial electric motor 
evoked potentials (MEP) have also been used for spinal 
cord monitoring. EMG is used for cranial nerve 
monitoring in skull base pathologies and for nerve root 
monitoring and testing in spinal surgery. BAEP is used 
for monitoring of the acoustic nerve during acoustic 
neuroma and brainstem tumor resections.In 1992, the 
Scoliosis Research Society issued a position statement 
regarding the use of neurophysiologic monitoring during 
spinal surgery. They concluded that, ‘A substantial body 
of research has demonstrated that neurophysiologic 
monitoring can assist in the early detection of 
complications, and can possibly prevent postoperative 
morbidity in patients undergoing operations on the spine 
[18]. The Scoliosis Research Society considers 
neurophysiologic monitoring a viable alternative, as well 
as an adjunct, to the use of the wake-up test during 
spinal surgery.The goal of neurophysiologic monitoring is 
rapid detection of any neurological insult during surgical 
intervention on the nervous system and prompt early 
intervention, thus reversing the insult and avoiding 
adverse clinical sequelae. In our study, there was no 
case that had signal change in SSEP or neurotonic 
discharges on free-running EMG. Our study supports 
that neuromonitoring with SSEP and EMG during 
surgical correction is feasible and provides useful 
neurophysiologic data to reverse neurological insult. 
However in our study, IONM for spinal cord surgical 
correction was done with SSEP only. Isolated SSEP 
monitoring is not the standard of care anymore [19][20] 
.With MEP, combined multimodal spinal cord monitoring 
is more reliable to avoid neurological injury and provides 
additional information concerning the integrity of all 
neurological tracts of the spinal cordnot obtained with 
SSEP alone[21][22] .There are limitations of this study. 
Firstly all cases of spinal cord corrective surgeries 
particularly for scoliosis were used only SSEP modality 
without MEP monitoring due to unavailability in our 
hospital. Secondly, very few trained neurosurgeons 
request for neurophysiological intraoperative monitoring 
and therefore it was a very small sample size. Thirdly, 
there were no proper grounding setup in the operative 
room (OR) for otherwise preventable artifacts seen 
during monitoring. Fourthly, lack of knowledge of drugs 
effect on neurophysiologic modalities during NIOM by 
anesthetic team were also noted.
Conclusion:-
Multimodality neurophysiologic intraoperative 
monitoring appears to be the standard of care for 
monitoring functional integrity and reducing the risk of 
iatrogenic damage to the nervous system and to provide 
functional guidance to the surgeon. SSEP and MEP 
should be used together for spinal cord surgeries to 
minimize nervous tissues insults. 
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Figure I: MRI Brain in CNS TB
Figure I:  MRI Brain in CNS TB: A: Hydrocephalus as 
shown in MRI brain of one of our patients (No.22) 
depicted by dilated anterior and posterior horns of 
lateral ventricles (arrow heads),B: DWI MRI Brain 
showing restricted diffusion in right sided basal ganglia 
and thalamus regions in one of our patients (No.35) 
(arrow head in circle), C: Schematic of MRI Brain T1WI 
with contrast studded with multiple small tuberculomas 
(arrow heads)(No.72)D: MRI Brain T1WI with contrast 
showing basal meningeal enhancement (thick arrow 
head within circle) in one of our patients (No.83).
Figure II: MRI Brain findings and distribution of 
mortality: vertical double capped lines show 1 SD.
DISCUSSION
TBM is the most common cause of chronic meningitis 
caused by mycobacterium tuberculosis in the 
developing countries and is a major public health 
problem due to its permanent neurological sequelae 
and mortality. [4] It is the most common and severe form 
of central nervous system tuberculosis with invasion 
and involvement of the meninges and the underlying 
brain parenchyma. The diagnosis of TBM is elusive and 
high index of suspicion is necessary for early diagnoses. 
The definitive diagnosis of TBM is dependent on 
microbiological testing by demonstrating M. 
tuberculosis on smear as AFB or culture of the CSF. 
[16,17]CSF acid fast bacillus has a low sensitivity of 
20-40%.[18]CSF culture is a time-consuming procedure. 
Moreover, CSF culture can be negative in 15-75% of 
cases.[6] Treatment delay is often associated with high 
fatality therefore early recognition is of paramount 
importance as the clinical outcome depends upon the 
stage at which therapy is initiated.[2,17] Current 
antituberculous drugs are highly effective when 
treatment commences early, before the onset of 
complications.The typical neuroradiological findings of 
TBM appear due to the pathophysiology of TBM which 
can aid in the diagnosis of TBM.[19,20]However, the 
diagnostic value hasn’t been fully validated in studies. 
Moreover, data on the utility of neuroradiology in 
predicting the outcome of TBM is even more 
limited.Cranial imaging is useful in diagnosing TBM, 
predicting its complications and also has a prognostic 
value.[14,21-25]  Some studies comparing CT to MRI have 
indicated MRI as a superior diagnostic imaging 
modality.[23-25]  In this study, NECT brain was obtained in 
all the patients prior to lumbar puncture, due to easy 
availability and quick completion. CT brain was 
abnormal in 67% of the patients. In a review of 289 
patients published in the year 2000 CT brain was found 
to be abnormal in 87% cases.[26]  This difference in 
radiological yield may be attributed to the fact that they 
performed both NECT and CT with contrast while we 
only got the former done. MRI brain with contrast with 
DWI and ADC was done in 61% of the patients. Out of 
the 61 patients in whom MRI scans were done 88.5% 
had radiological findings. This finding is almost 
comparable to a study in which MRI brain revealed 
findings in 90% cases.[27]   MRI showed even more 
findings in cases where CT scan results were suspicious 
or normal especially in case of meningeal 
enhancement or tuberculomas as seen in earlier 
studies.[27] In this study 10 patients had normal CT 
scans of the brain, while the MRI scans of these 
patients revealed abnormal findings. MRI with contrast 
has higher efficacy for detecting tuberculomas, basal 
enhancement and infarction in TBM. Majority of the 
patients in this study presented in MRC stage 2 which 
is comparable with most of other studies. [28]The 
delayed presentation of TBM may be attributed to the 
poor socioeconomic background and low literacy rate of 
most of our patients, especially those from remote rural 
areas who do not seek proper medical assistance until 
the terminal stages of the disease. However, this just a 
theoretical assumption and requires proper statistical 
validation. Ischemia/infarcts were observed in 13% of 
the patients. Previous studies reported the incidence of 
infarction in TBM as ranging from 13% to 
53%.[29-31]Those patients who had infarcts on CT or MRI 
brain had greater morbidity reflected by MRC stage of 
mostly 3. Almost 60% mortality was seen in these 
patients. Infarcts have been shown to be associated 
with poor outcome in TBM as shown Wasay et al in their 
study.[14] MR scans especially DWI sequences were 
superior in detecting infarcts. The mean age of patients 
with TBM complicated by infarcts was 35.12 ± 2.18 
years (75% males)  in our study which was much lower 
than the mean of age of similar patients in their study 
i.e. 57 ± 17.6 (56.7% males). They attributed it to 
Ischemic heart disease while we propose an infection 
relatedvasculitis as the etiology which tends to be more 
common in younger patients. This however, needs 
validation in a separate study designed to evaluate 
patients of TBM with infarcts alone.Tuberculomas were 
detected in 33 of the patients in this study (54%). 
Tuberculomas are common forms of CNS TB and result 
from parenchymal rich foci.[10]Tuberculomas are 
frequently multiple. [10,26,27]In this study 82.4% of these 
33 patients had multiple tuberculomas. Patients with 
tuberculomas were mostly in MRC stage 2. However, 
mortality was not statistically significant. This is in 
contrast to older studies;[32] but corresponds to the 
results of the study by Wasay et al.[14] Hydrocephalus is 
a common complication of TBM, and was seen in 61% 
cases in this study which is in accordance with most of 
the other studies.[32,33]The reported frequency of 
hydrocephalus varies from 12% to 77% in patients with 
TBM in various case series.[16,32-34] Patients with 
hydrocephalus were mostly in MRC stage 2 and had a 
higher mortality compared to those with normal 
neuroimaging. In conclusion, patients with infarcts had 
a worse outcome as compared to those with 
hydrocephalus or tuberculomas.MRI scans provided 
additional findings such as tuberculomas and infarcts 
not identified on CT. This might help in modifying drug 
regime or duration of therapy by follow up scans and 
comparing scans for resolution of findings. This study 
was limited by the fact that patients were screened only 
at the commencement of therapy, and there was no set 
protocol for follow up of patients who develop these 
complications during the course of treatment or 
whether initiating prompt therapy conferred a better 
outcome as we did not study end of treatment 
outcomes.  Neuroradiological findings such as infarcts, 
tuberculoma or hydrocephalus, are helpful for the 
diagnosis of TBM in the early stages before a 
microbiological diagnosis is established.[35-37] MRI and 
CT scanning are also critical in predicting the outcome 
and in evaluating the complications of the disease as 
shown in the study by Wasay et al.[14] Therefore, MRI 
brain with contrast and DWI sequences should be 
performed for all patients in the early stage of the 
disease to detect specific signs related with poor 
outcome. It may reveal specific radiological findings 
associated with TBM which contribute to diagnostic 
certainty.
CONCLUSION
Neuroimaging techniques are a handy tool in the early 
diagnosis of TBM. MRI is particularly helpful in defining 
findings such as infarcts and tuberculomas and in 
predicting mortality and morbidity.
DISCLAIMER




1. Nabi S, Khattak S, Badshah M, Rajput HM. 
 Neuroradiological manifestations of tuberculous 
 meningitis. Pakistan journal of neurological 
 sciences. 2014; 9: 16-21.
2. George EL, Iype T, Cherian A, Chandy S, Kumar A, 
 Balakrishnan A, VijayakumarK.Predictors of mortal 
 ity in patients with meningeal tuberculosis. Neurol 
 India 2012;60:18-22.
3. World Health Organisation. Global Tuberculosis
 Control. 2013.http://www.who.int/tb/publications/
 global_report
4. Marx GE, Chan ED (2011) Tuberculous meningitis:
 diagnosis and treatment overview. Tuberc Res
 Treat 2011:798764
5. Etlik Ö, Evirgen Ö, Bay A, Yilmaz N, Temizöz O,
 Irmak H, et al. Radiologic and clinical findings in
 tuberculous meningitis. Eur J Gen Med 2004.
6. Bernaerts A, Vanhoenacker FM, Parizel PM et al.
 Tuberculosis of the central nervous system: 
 overview of neuroradiological findings. Eur. Radiol. 
 13(8),1876–1890 (2003).
7. Rock RB, Olin M, Baker CA, Molitor TW, Peterson 
 PK. Central Nervous System Tuberculosis: 
 Pathogenesis and Clinical Aspects. Clinical 
 Microbiology Reviews. 2008;21(2):243-261.
8. D. H. Kennedy and R. J. Fallon, “Tuberculous 
 meningitis,” Journal of the American Medical 
 Association, vol. 241, no. 3, pp. 264–268, 1979.
9. Sobri M, Merican JS, Nordiyana M, Valarmathi S, 
 Al-EdrusSA.Neuroimaging features of tuberculous 
 meningitis. Med J Malaysia 2006; 61: 36-40.
10. Wasay M, Kheleani BA, Moolani MK, Zaheer J, Pui 
 M, Hasan S et al. Brain CT and MRI findings in 
 100 consecutive patients with intracranial 
 tuberculoma. J Neuroimaging 2003; 13: 240-7. 
 10.
11. Sonmez G, Ozturk E, Sildiroglu HO, MutluH,Cuce F, 
 Senol MG et al. MRI findings of intracranial tuber 
 culomas. Clin Imaging 2008; 32: 88-92.
12. Andronikou S, Wieselthaler N, Smith B, Douis H
 , Fieggen AG, van Toorn R et al. Value of early 
 follow-up CT in paediatrictuberculous meningitis. 
 PediatrRadiol 2005; 35: 1092-9.
13. Off enbacher H, Fazekas F, Schmidt R, Kleinert R,
 Payer P, Kleinert G et al. MRI in 
 tuberculousmeningoencephalitis:report of four 
 cases and review of the neuroimaging literature. J
 Neurol 1991; 238: 340-4.
14. Wasay M, et al. J NeurolNeurosurg Psychiatry
 2014;85:1260–1264.
15. van der Merwe DJ, Andronikou S, Van Toorn R,
 PienaarM.Brainstem ischemic lesions on MRI in 
 children with tuberculous meningitis: with 
 diffusion weighted confirmation.ChildsNerv Syst. 
 2009 Aug;25(8):949-54.
16. Kent SJ, Crowe SM, Yung A, Lucas CR, Mijch AM.
 Tuberculous meningitis: a 30-year review. Clin 
 Infect Dis 1993; 17: 987-94. 14.
17. Qureshi HU, Merwat SN, Nawaz SA, Rana AA,
 Malik A,Mahmud MK et al.Predictors of inpatient 
 mortality in 190adult patients with tuberculous 
 meningitis. J Pak Med Assoc 2002; 52: 159-63.
18. M. D. Iseman, A Clinician's Guide to Tuberculosis, 
 Lippincott Williams & Wilkins, Baltimore, Md, USA, 
 1999.
19. Thwaites GE, Tran TH. Tuberculous meningitis: 
 many questions, too few answers. Lancet Neurol. 
 4(3),160–170 (2005). 
20. Rich AR, McCordock HA. The pathogenesis of 
 tuberculous meningitis. Bull. John Hopkins Hosp. 
 52,2–37 (1933).
21. M Sobri ,J S Merican, M Nordiyana, S Valarmathi,
 SAAI-Edrus. Neuroimaging Features
 ofTuberculousMeningitis.Med J Malaysia, 2006 -
 e-mjm.org
22. A. Bernaerts, F. M. Vanhoenacker ,P. M. Parizel , J.
 W. M. Van Goethem, R. van Altena, A. Laridon ,J. 
 De Roeck ,V. Coeman, A. M. De Schepper. 
 Tuberculosis of the central nervous system: 
 overview of neuroradiologicalfindings. European 
 Radiology 2003-08-0.
23. Idris MN, Sokrab TE, Arbab MA, Ahmed AE, El
 Rasoul H, Ali S et al. Tuberculoma of the brain: a 
 series of 16 cases treated with anti-tuberculosis 
 drugs. Int J Tuberc Lung Dis 2007; 11: 91-5
24. Kalita J, Misra UK, Nair PP. Predictors of stroke
 and its significance in the outcome of tuberculous 
 meningitis. J Stroke Cerebrovasc Dis 2009; 18:
  251-8. 
25. Haris M, Gupta RK, Husain M, Srivastava C, Singh
 A, Singh Rathore RK et al. Assessment of 
 therapeutic response in brain tuberculomas using 
 serial dynamic contrast-enhanced MRI. ClinRadiol 
 2008;  63: 562-74.
26. Ozateş M1, Kemaloglu S, Gürkan F, Ozkan U,
 Hoşoglu S, Simşek MM. CT of the brain in 
 tuberculous meningitis. A review of 289 
 patients.ActaRadiol. 2000 Jan;41(1):13-7.
27. Kilani B, Ammari L, Tiouiri H, Goubontini A, 
 Kanaun F, Zouiten F et al. Neuroradiological 
 manifestations of central nervous system 
 tuberculosis in 122 adults. Rev Med Interne 
 2003; 24: 86-96.
28. Sirajus S, Khalid M, Naqvi IH, Akhter ST,
 AbbasiA.Clinical course, complications and 
 predictors of  mortality in patients with 
 tuberculousmeningitis  an experience of fifty two
 cases at Civil Hospital Karachi,  Pakistan J Pak
 Med Assocvol 63,may 2013.
29. Springer P, Swanevelder S, van Toorn R, van Rens
 burg AJ, Schoeman J. Cerebral infarction and 
 neurodevelopmental outcome in childhood 
 tubeculous meningitis. Eur J PediatrNeurol 2009; 
 13: 343-9.
30. Christensen AS1, Andersen AB, Thomsen VO, 
 Andersen PH, Johansen IS. Tuberculous 
 meningitis in Denmark: a review of 50 cases. BMC 
 Infect Dis. 2011 Feb 22;11:47. 
31. Brancusi F1, Farrar J, Heemskerk D. Tuberculous 
 meningitis in adults: a review of a decade of 
 developments focusing on prognostic factors for 
 outcome. Future Microbiol. 2012 Sep;7(9):1101 
 16.
32. Wasay M, Moolani MK, Zaheer J, et al. Prognostic 
 indicators in patients with intracranial 
 tuberculoma: a review of 102 cases. J Pak Med 
 Assoc 2004;54:83–7.
33. Chan KH, Cheung RTF, Fong CY, Tsang KL, Mak W,
 Ho SL. Clinical relevance of hydrocephalus as a 
 presenting feature of tuberculous meningitis. Q J 
 Med 2003; 96: 643-8.
34. Sütlaş PN, Ünal A, Forta H, Senol S, Kırbaş D. 
 Tuberculousmeningitis in adults: review of 61 
 cases. J Infect 2003; 31: 387-91.
35. Thwaites G, Chau TT, Mai NT, Drobniewski F, 
 Mcadam K, Farrar J. Tuberculous meningitis. J. 
 Neurol. Neurosurg. Psych.68(3),289–299 
 (2000).
36. Lammie GA, Hewlett RH, Schoeman JF, Donald 
 PR. Tuberculous cerebrovascular disease: a
 review. J. Infect.59(3),156–166 (2009).
 Botha H, Ackerman C, Candy S, Carr JA, 
 Griffith-Richards S, Bateman KJ. Reliability and 
 Diagnostic Performance of CT Imaging Criteria in 
 the Diagnosis of Tuberculous Meningitis. Nizami 
 Q, ed. PLoS ONE. 2012;7(6):e38982.
INTRODUCTION 
IONM is used to monitor thefunctional integrity of the 
central or peripheral nervous system in “real time” ,that 
is during the ongoing operative procedures. It alarms 
the surgeon to potential neurologic injury and prompt 
implementation of corrective measures to prevent 
permanent disability, thus improves surgical 
outcomes[1]. IONM is performed using a variety of 
neurophysiologic techniques including; Evoked 
potentials (EPs), Electromyography (EMG), Nerve 
action potential (NAP)and Electroencephalography 
(EEG) to monitor the functional integrity of certain 
neural structures (e.g. nerves, spinal cord and parts of 
the brain) during surgery. [2]
Somatosensory Evoked Potentials (SSEP)
SSEP evaluates the integrity of the large fiber sensory 
system. SSEP are obtained by direct electrical 
stimulation of peripheral nerves and recording at 
different levels within the neuraxis. Serially recorded 
responses are compared with laboratory norms. 
Establishing a reproducible baseline recording prior to 
any positioning or surgical manipulations is important. 
Changes from the baseline responses are the most 
important indicators of neurological dysfunction. Blood 
pressure, temperature and volatile anesthetics effects 
(halogenated and nitrous oxide) should be monitored 
simultaneously with the neurophysiologic data. [3]  SSEP 
uses in different surgical procedures like spinal surgery, 
carotid surgeries including endarterectomy, cerebral 
aneurysm surgery, Aortic cross-clamping and 
localization of sensorimotor cortex.
Brainstem Auditory Evoked Potentials (BAEP) 
BAEPs are short-latency potentials reflecting the 
depolarization of several structures within the auditory 
pathways. It is essential that these baseline BAEPs be 
recorded using the same parameters for stimulation 
and recording that are to be used for intraoperative 
monitoring.
Anatomical localization of BAEP Waves:-
Recordings are obtained by stimulating with auditory 
clicks in the ear. Compression, traction, thermal injury, 
and ischemia are the commonest causes of surgical 
injurries to auditory system. Ischemia of the cochlea 
occurs from trauma to the internal auditory artery and 
causes a sudden loss of all BAEP waveforms. BAEP is 
insensitive to anesthetics including volatile agents. [4]
Changes in latency, interlatencies difference and 
amplitude of BEAP waves I, III and V can be monitored 
during CPA tumors surgery, microvascular 
decompression (MVD) of VII nerve,V nerve and IX 
nerve, skull base surgery, suboccipital decompression 
and vascular surgeries of posterior circulation.The 
stimulus use for BAEP is an auditory click which is a 
broad band sound range between (500-4000 Hz) 
delivering various audio frequencies so BAEP cannot 
exclude a specific frequency hearing deficit or a mild 
hearing deficit(<500hz). BAEP can change 
dramatically in neonates and infants before the age of 
two years. 
Motor Evoked Potentials(MEP):-
SSEP monitoring was used in the past to reduce the 
risk of motor system injury. [5]However, significant motor 
deficits have been seen in patients undergoing spinal 
surgery despite normal SSEPs.[5][6] In conjunction with 
MEP and SSEPs, the anterior and posterior portions of 
the spinal cord can be monitored together. MEPs are 
sensitive to volatile anesthetic(halogenated and nitrous 
oxide) and especially neuromuscular blockade. Motor 
evoked potentials (MEPs) are obtained by electrically 
stimulating the brain and recording the response over 
the spinal cord (Direct = D and Indirect = I waves), 
peripheral nerves (nerve action potentials), or muscles 
(compound muscle action potentials). For robust MEP 
signals, complete loss of MEP signal or abrupt 
significant decrease in amplitude of 80% or more in the 
absence of an explanation other than surgical injury is 
considered significant. Gradual changes in MEP signals 
more commonly reflect systemic factors or an 
“anesthetic fade” phenomenon [7].Indications for MEP 
monitoring include any surgery risking motor injury. The 
most common indications arise during tumor or 
epileptic focus resections near the motor cortex or 
corticospinal tract, intracranial aneurysm clipping, 
posterior fossa surgery, craniocervical junction and 
spinal operations, spinal cord procedures and tethered 
cord or caudaequinasurgeries.Vascular indications 
include descending aortic procedures, spinal 
arteriovenous malformation interventions and carotid 
endarterectomy.Safety issues include thermal injury of 
the brain or scalp, bite injuries, seizures, 
movement-induced injury and  arrhythmias. Relative 
contraindications include patients with epilepsy, 
cortical lesions, skull defects, intracranial vascular 
clips, shunts, or electrodes; and pacemakers or other 
implanted bioelectric devices. [8]
Free-running and Triggered EMG :-
Free-run EMG (f-EMG) consists of recording 
spontaneous muscle activity, thus allowing its real-time 
assessment.  IONM use as a monitoring tool helps for 
detecting surgically driven mechanical irritation of the 
peripheral nervous system and of the cranial nerves, 
before irreversible damage to these structures 
occurred. Triggered EMG consists of applying an 
electrical stimulus, directly on the peripheral motor 
nerves or roots, for eliciting CMAPs to be recorded in 
the corresponding muscles. Thus, it can be used as a 
mapping tool for detecting the location of peripheral or 
cranial nerves that may be difficult to distinguish from 
tumoral, fibrous and fatty tissues during surgical 
resections. Triggered EMG can also be used in checking 
the functions of injured nerves, roots, or trunks by 
assessing the electrical transmission through such 
structures and comparing it with a healthy (or 
presurgical) baseline. Free-run and triggered EMG uses 
in facial nerve/other cranial nerve monitoring, selective 
dorsal rhizotomy,tethered spinal cord release and 
pedicle screw placement.[9][10]
Methodology:-
We evaluated the retrospectively collected 
neuromonitoring data of 14 consecutive post operated 
cases including idiopathic spinal scoliosis, tethered 
cord syndrome, intramedullary spinal cord tumor, 
Acoustic neuroma , Post traumatic right Brachial 
plexopathy repair, Right Spastic hemiparesis by 
independent observer from  2012 -to -2013. Patients 
with established diagnosis with age group 4 to 70 years 
operated at single institution Aga Khan University 
Hospital Karachi, Pakistan. Retrospectively collected 
medical records, intraoperative monitoring records, 
operative narratives and outpatient clinical notes for all 
patients were reviewed. SSEP, Free-running and 
Trigged- EMG and BEAP were the used methods of 
IONM. Important demographic and clinical data were 
documented including age, gender.Preoperative 
neurological status obtained from the outpatient 
clinical notes, baseline neurophysiologic and 
radiographic data were reviewed by an observer. The 
operative reports, intraoperative monitoring records 
were recorded retrospectively and to determine specific 
intraoperative events, changes in the amplitude or 
latency of SSEP/BEAP and neurotonic discharges and 
CMAP response of Free-running and Trigged- EMG. 
Filumterminale or other tether wereidentified before 
transection by help of EMG monitoring of sphincter and 
lower limb muscles.
Monitoring:-
All neurophysiologic monitoring was performed by 
consultant neurophysiologist and trained technologists 
with experience in IONM. Baseline (Pre operative) and 
serial neurophysiologic monitoring was done. SSEP, 
BEAP, Free-running and Trigged- EMG were recorded 
pre and per operatively. Repeated recordings were 
taken from both lower and upper-extremities for 
Free-running and Triggered- EMG potentials. 
Lower-extremity (posterior tibial nerves) and 
upper-extremity (median nerves) were recorded for 
SSEP. 
Somatosensory-evoked potentials (SSEP):-
Both cortical (N20,P37) and peripheral (popliteal and 
erbs potentials) SSEP were elicited by a 300-µs 
square-wave electrical pulse presented, in turn, to the 
posterior tibial and median nerves at a rate of 4.7/s. 
Stimulation intensity levels ranged from 25 to 45 
mA.The recording band pass was typically 30 – 1 kHz 
(-3db). An analysis time of 75-150 ms for lower limb 
and 50 ms for upper limb was used.Generally 250 – 
1000 trials were needed; the number of trials 
depended on the amount of noise present and the 
amplitude of the SSEP signal itself (signal to noise 
ratio)[11].Cortical potentials were recorded from 
standard disc EEG electrodes affixed to standard cranial 
locations and referenced as per international criteria of 
monitoring [12][13][14][15].
Continuous Free-Running EMG Monitoring:-
Identification of neurotonic discharges are used to alert 
the surgeon of inadvertent trauma to roots and 
peripheral nerves in an effort to prevent irreversible 
nerve injury. Electromyography was typically recorded 
using paired intramuscular needle electrodes, which 
were insertedafter the patient was anesthetized but 
before the surgery started. The time base was100 
msec/division and the display sensitivity was 
50microV/division [2].
Stimulus-Triggered EMG :- 
Intraoperative CMAP responses are typically recorded 
using intramuscular needle electrodes and submaximal 
stimulation and polyphasic responses with variable 
onset latencies and amplitudes [16].The stimulator used 
was typically a hand-held monopolar or bipolar sterile 
device used within the operative field by the surgeon. 
The time base was 10 msec/ division and the display 
sensitivity  was 50 microV/division.
Significant alert:- 
Significant alert demanding intervention was defined as 
persistent neurotonic discharges in continuous 
free-running EMG monitoring and all-or-nothing 
CMAP-responses in Stimulus-triggered EMG 
monitoring, ≥50% of the amplitude reduction and or 
increase in the latency by ≥10% of the SSEP relative to 
a stable baseline.[2][3][13][17]
Results:-
There were 14 patients (8 male, 6 female patients) 
ranging in age from 4 to 70 years (average age 39 
years old) at the time of surgery. Preoperative baseline 
monitoring with the standard neuromonitoring protocol 
of SSEP was available in all required patients. A total of 
14 patients underwent for different corrective 
surgeries. All 14 patients did not show any signal alert 
and had no postoperative new neurodeficit. However 
one patient with acoustic neuroma on clinic follow up 
had worsening of facial weakness (House-Brackmann 
grade from II- to –III). Out of 14 patients in this study, 
six patients were spinal scoliosis, four patients had 
tethered cord syndrome with or without 
lipo/meningomyelocele, one patient with intramedullary 
thoracic spinal cord tumors, one patient with acoustic 
neuroma, one patient with post trumatic right brachial 
plexopathy and one patient with right Spastic 
hemiparesis. Filumterminale or other tether were 
identified before transection by help of triggered-EMG 
monitoring of sphincter and lower limb muscles.Out of 
the total of 14 patients, eight patients showed no 
neurodeficit in outpatient clinic and five patients were 
lost to follow up while one patient showed minimal 
worsen of facial neuropathy.
Discussion:-
IONM is the use of electrophysiological methods such 
as evoked potentials (e,g.SSEP,MEP,BAEP) and 
electromyography (EMG) to monitor the functional 
integrity of certain  neural structures (e.g.nerves, spinal 
cord and parts of the brain) during surgery. The purpose 
of IONM is to reduce the risk of iatrogenic damage to 
the peripheral and central nervous system, and provide 
optimal functional guidance to the surgeon.Patients 
benefit from neuromonitoring during almost any surgery 
where there is risk to the nervous system. Most 
neuromonitoring is utilized by spine surgeons, but 
neurosurgeons, vascular, orthopedic, and 
otolaryngologists have all utilized neuromonitoring. The 
most common applications are in spinal surgery; 
selected brain surgeries; carotid endarterectomy, ENT 
procedures, acoustic neuroma resection, parotidectomy 
and peripheral nerve surgery. Motor evoked potentials 
have also been used in surgery for TAAA 
(thoracic-abdominal aortic aneurysms). Intraoperative 
monitoring is used to localize neural structures, to test 
function of these structures; and for early detection of 
intraoperative injury, allowing for immediate corrective 
measures.SSEP is used to monitor spinal cord function. 
A baseline pre-operatively is obtained, and if there are 
no significant changes during surgery the assumption is 
that the spinal cord has not been injured. If there is a 
significant change, corrective measures can be taken 
promptly. More recently transcranial electric motor 
evoked potentials (MEP) have also been used for spinal 
cord monitoring. EMG is used for cranial nerve 
monitoring in skull base pathologies and for nerve root 
monitoring and testing in spinal surgery. BAEP is used 
for monitoring of the acoustic nerve during acoustic 
neuroma and brainstem tumor resections.In 1992, the 
Scoliosis Research Society issued a position statement 
regarding the use of neurophysiologic monitoring during 
spinal surgery. They concluded that, ‘A substantial body 
of research has demonstrated that neurophysiologic 
monitoring can assist in the early detection of 
complications, and can possibly prevent postoperative 
morbidity in patients undergoing operations on the spine 
[18]. The Scoliosis Research Society considers 
neurophysiologic monitoring a viable alternative, as well 
as an adjunct, to the use of the wake-up test during 
spinal surgery.The goal of neurophysiologic monitoring is 
rapid detection of any neurological insult during surgical 
intervention on the nervous system and prompt early 
intervention, thus reversing the insult and avoiding 
adverse clinical sequelae. In our study, there was no 
case that had signal change in SSEP or neurotonic 
discharges on free-running EMG. Our study supports 
that neuromonitoring with SSEP and EMG during 
surgical correction is feasible and provides useful 
neurophysiologic data to reverse neurological insult. 
However in our study, IONM for spinal cord surgical 
correction was done with SSEP only. Isolated SSEP 
monitoring is not the standard of care anymore [19][20] 
.With MEP, combined multimodal spinal cord monitoring 
is more reliable to avoid neurological injury and provides 
additional information concerning the integrity of all 
neurological tracts of the spinal cordnot obtained with 
SSEP alone[21][22] .There are limitations of this study. 
Firstly all cases of spinal cord corrective surgeries 
particularly for scoliosis were used only SSEP modality 
without MEP monitoring due to unavailability in our 
hospital. Secondly, very few trained neurosurgeons 
request for neurophysiological intraoperative monitoring 
and therefore it was a very small sample size. Thirdly, 
there were no proper grounding setup in the operative 
room (OR) for otherwise preventable artifacts seen 
during monitoring. Fourthly, lack of knowledge of drugs 
effect on neurophysiologic modalities during NIOM by 
anesthetic team were also noted.
Conclusion:-
Multimodality neurophysiologic intraoperative 
monitoring appears to be the standard of care for 
monitoring functional integrity and reducing the risk of 
iatrogenic damage to the nervous system and to provide 
functional guidance to the surgeon. SSEP and MEP 
should be used together for spinal cord surgeries to 
minimize nervous tissues insults. 
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Figure I: MRI Brain in CNS TB
Figure I:  MRI Brain in CNS TB: A: Hydrocephalus as 
shown in MRI brain of one of our patients (No.22) 
depicted by dilated anterior and posterior horns of 
lateral ventricles (arrow heads),B: DWI MRI Brain 
showing restricted diffusion in right sided basal ganglia 
and thalamus regions in one of our patients (No.35) 
(arrow head in circle), C: Schematic of MRI Brain T1WI 
with contrast studded with multiple small tuberculomas 
(arrow heads)(No.72)D: MRI Brain T1WI with contrast 
showing basal meningeal enhancement (thick arrow 
head within circle) in one of our patients (No.83).
Figure II: MRI Brain findings and distribution of 
mortality: vertical double capped lines show 1 SD.
DISCUSSION
TBM is the most common cause of chronic meningitis 
caused by mycobacterium tuberculosis in the 
developing countries and is a major public health 
problem due to its permanent neurological sequelae 
and mortality. [4] It is the most common and severe form 
of central nervous system tuberculosis with invasion 
and involvement of the meninges and the underlying 
brain parenchyma. The diagnosis of TBM is elusive and 
high index of suspicion is necessary for early diagnoses. 
The definitive diagnosis of TBM is dependent on 
microbiological testing by demonstrating M. 
tuberculosis on smear as AFB or culture of the CSF. 
[16,17]CSF acid fast bacillus has a low sensitivity of 
20-40%.[18]CSF culture is a time-consuming procedure. 
Moreover, CSF culture can be negative in 15-75% of 
cases.[6] Treatment delay is often associated with high 
fatality therefore early recognition is of paramount 
importance as the clinical outcome depends upon the 
stage at which therapy is initiated.[2,17] Current 
antituberculous drugs are highly effective when 
treatment commences early, before the onset of 
complications.The typical neuroradiological findings of 
TBM appear due to the pathophysiology of TBM which 
can aid in the diagnosis of TBM.[19,20]However, the 
diagnostic value hasn’t been fully validated in studies. 
Moreover, data on the utility of neuroradiology in 
predicting the outcome of TBM is even more 
limited.Cranial imaging is useful in diagnosing TBM, 
predicting its complications and also has a prognostic 
value.[14,21-25]  Some studies comparing CT to MRI have 
indicated MRI as a superior diagnostic imaging 
modality.[23-25]  In this study, NECT brain was obtained in 
all the patients prior to lumbar puncture, due to easy 
availability and quick completion. CT brain was 
abnormal in 67% of the patients. In a review of 289 
patients published in the year 2000 CT brain was found 
to be abnormal in 87% cases.[26]  This difference in 
radiological yield may be attributed to the fact that they 
performed both NECT and CT with contrast while we 
only got the former done. MRI brain with contrast with 
DWI and ADC was done in 61% of the patients. Out of 
the 61 patients in whom MRI scans were done 88.5% 
had radiological findings. This finding is almost 
comparable to a study in which MRI brain revealed 
findings in 90% cases.[27]   MRI showed even more 
findings in cases where CT scan results were suspicious 
or normal especially in case of meningeal 
enhancement or tuberculomas as seen in earlier 
studies.[27] In this study 10 patients had normal CT 
scans of the brain, while the MRI scans of these 
patients revealed abnormal findings. MRI with contrast 
has higher efficacy for detecting tuberculomas, basal 
enhancement and infarction in TBM. Majority of the 
patients in this study presented in MRC stage 2 which 
is comparable with most of other studies. [28]The 
delayed presentation of TBM may be attributed to the 
poor socioeconomic background and low literacy rate of 
most of our patients, especially those from remote rural 
areas who do not seek proper medical assistance until 
the terminal stages of the disease. However, this just a 
theoretical assumption and requires proper statistical 
validation. Ischemia/infarcts were observed in 13% of 
the patients. Previous studies reported the incidence of 
infarction in TBM as ranging from 13% to 
53%.[29-31]Those patients who had infarcts on CT or MRI 
brain had greater morbidity reflected by MRC stage of 
mostly 3. Almost 60% mortality was seen in these 
patients. Infarcts have been shown to be associated 
with poor outcome in TBM as shown Wasay et al in their 
study.[14] MR scans especially DWI sequences were 
superior in detecting infarcts. The mean age of patients 
with TBM complicated by infarcts was 35.12 ± 2.18 
years (75% males)  in our study which was much lower 
than the mean of age of similar patients in their study 
i.e. 57 ± 17.6 (56.7% males). They attributed it to 
Ischemic heart disease while we propose an infection 
relatedvasculitis as the etiology which tends to be more 
common in younger patients. This however, needs 
validation in a separate study designed to evaluate 
patients of TBM with infarcts alone.Tuberculomas were 
detected in 33 of the patients in this study (54%). 
Tuberculomas are common forms of CNS TB and result 
from parenchymal rich foci.[10]Tuberculomas are 
frequently multiple. [10,26,27]In this study 82.4% of these 
33 patients had multiple tuberculomas. Patients with 
tuberculomas were mostly in MRC stage 2. However, 
mortality was not statistically significant. This is in 
contrast to older studies;[32] but corresponds to the 
results of the study by Wasay et al.[14] Hydrocephalus is 
a common complication of TBM, and was seen in 61% 
cases in this study which is in accordance with most of 
the other studies.[32,33]The reported frequency of 
hydrocephalus varies from 12% to 77% in patients with 
TBM in various case series.[16,32-34] Patients with 
hydrocephalus were mostly in MRC stage 2 and had a 
higher mortality compared to those with normal 
neuroimaging. In conclusion, patients with infarcts had 
a worse outcome as compared to those with 
hydrocephalus or tuberculomas.MRI scans provided 
additional findings such as tuberculomas and infarcts 
not identified on CT. This might help in modifying drug 
regime or duration of therapy by follow up scans and 
comparing scans for resolution of findings. This study 
was limited by the fact that patients were screened only 
at the commencement of therapy, and there was no set 
protocol for follow up of patients who develop these 
complications during the course of treatment or 
whether initiating prompt therapy conferred a better 
outcome as we did not study end of treatment 
outcomes.  Neuroradiological findings such as infarcts, 
tuberculoma or hydrocephalus, are helpful for the 
diagnosis of TBM in the early stages before a 
microbiological diagnosis is established.[35-37] MRI and 
CT scanning are also critical in predicting the outcome 
and in evaluating the complications of the disease as 
shown in the study by Wasay et al.[14] Therefore, MRI 
brain with contrast and DWI sequences should be 
performed for all patients in the early stage of the 
disease to detect specific signs related with poor 
outcome. It may reveal specific radiological findings 
associated with TBM which contribute to diagnostic 
certainty.
CONCLUSION
Neuroimaging techniques are a handy tool in the early 
diagnosis of TBM. MRI is particularly helpful in defining 
findings such as infarcts and tuberculomas and in 
predicting mortality and morbidity.
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INTRODUCTION 
IONM is used to monitor thefunctional integrity of the 
central or peripheral nervous system in “real time” ,that 
is during the ongoing operative procedures. It alarms 
the surgeon to potential neurologic injury and prompt 
implementation of corrective measures to prevent 
permanent disability, thus improves surgical 
outcomes[1]. IONM is performed using a variety of 
neurophysiologic techniques including; Evoked 
potentials (EPs), Electromyography (EMG), Nerve 
action potential (NAP)and Electroencephalography 
(EEG) to monitor the functional integrity of certain 
neural structures (e.g. nerves, spinal cord and parts of 
the brain) during surgery. [2]
Somatosensory Evoked Potentials (SSEP)
SSEP evaluates the integrity of the large fiber sensory 
system. SSEP are obtained by direct electrical 
stimulation of peripheral nerves and recording at 
different levels within the neuraxis. Serially recorded 
responses are compared with laboratory norms. 
Establishing a reproducible baseline recording prior to 
any positioning or surgical manipulations is important. 
Changes from the baseline responses are the most 
important indicators of neurological dysfunction. Blood 
pressure, temperature and volatile anesthetics effects 
(halogenated and nitrous oxide) should be monitored 
simultaneously with the neurophysiologic data. [3]  SSEP 
uses in different surgical procedures like spinal surgery, 
carotid surgeries including endarterectomy, cerebral 
aneurysm surgery, Aortic cross-clamping and 
localization of sensorimotor cortex.
Brainstem Auditory Evoked Potentials (BAEP) 
BAEPs are short-latency potentials reflecting the 
depolarization of several structures within the auditory 
pathways. It is essential that these baseline BAEPs be 
recorded using the same parameters for stimulation 
and recording that are to be used for intraoperative 
monitoring.
Anatomical localization of BAEP Waves:-
Recordings are obtained by stimulating with auditory 
clicks in the ear. Compression, traction, thermal injury, 
and ischemia are the commonest causes of surgical 
injurries to auditory system. Ischemia of the cochlea 
occurs from trauma to the internal auditory artery and 
causes a sudden loss of all BAEP waveforms. BAEP is 
insensitive to anesthetics including volatile agents. [4]
Changes in latency, interlatencies difference and 
amplitude of BEAP waves I, III and V can be monitored 
during CPA tumors surgery, microvascular 
decompression (MVD) of VII nerve,V nerve and IX 
nerve, skull base surgery, suboccipital decompression 
and vascular surgeries of posterior circulation.The 
stimulus use for BAEP is an auditory click which is a 
broad band sound range between (500-4000 Hz) 
delivering various audio frequencies so BAEP cannot 
exclude a specific frequency hearing deficit or a mild 
hearing deficit(<500hz). BAEP can change 
dramatically in neonates and infants before the age of 
two years. 
Motor Evoked Potentials(MEP):-
SSEP monitoring was used in the past to reduce the 
risk of motor system injury. [5]However, significant motor 
deficits have been seen in patients undergoing spinal 
surgery despite normal SSEPs.[5][6] In conjunction with 
MEP and SSEPs, the anterior and posterior portions of 
the spinal cord can be monitored together. MEPs are 
sensitive to volatile anesthetic(halogenated and nitrous 
oxide) and especially neuromuscular blockade. Motor 
evoked potentials (MEPs) are obtained by electrically 
stimulating the brain and recording the response over 
the spinal cord (Direct = D and Indirect = I waves), 
peripheral nerves (nerve action potentials), or muscles 
(compound muscle action potentials). For robust MEP 
signals, complete loss of MEP signal or abrupt 
significant decrease in amplitude of 80% or more in the 
absence of an explanation other than surgical injury is 
considered significant. Gradual changes in MEP signals 
more commonly reflect systemic factors or an 
“anesthetic fade” phenomenon [7].Indications for MEP 
monitoring include any surgery risking motor injury. The 
most common indications arise during tumor or 
epileptic focus resections near the motor cortex or 
corticospinal tract, intracranial aneurysm clipping, 
posterior fossa surgery, craniocervical junction and 
spinal operations, spinal cord procedures and tethered 
cord or caudaequinasurgeries.Vascular indications 
include descending aortic procedures, spinal 
arteriovenous malformation interventions and carotid 
endarterectomy.Safety issues include thermal injury of 
the brain or scalp, bite injuries, seizures, 
movement-induced injury and  arrhythmias. Relative 
contraindications include patients with epilepsy, 
cortical lesions, skull defects, intracranial vascular 
clips, shunts, or electrodes; and pacemakers or other 
implanted bioelectric devices. [8]
Free-running and Triggered EMG :-
Free-run EMG (f-EMG) consists of recording 
spontaneous muscle activity, thus allowing its real-time 
assessment.  IONM use as a monitoring tool helps for 
detecting surgically driven mechanical irritation of the 
peripheral nervous system and of the cranial nerves, 
before irreversible damage to these structures 
occurred. Triggered EMG consists of applying an 
electrical stimulus, directly on the peripheral motor 
nerves or roots, for eliciting CMAPs to be recorded in 
the corresponding muscles. Thus, it can be used as a 
mapping tool for detecting the location of peripheral or 
cranial nerves that may be difficult to distinguish from 
tumoral, fibrous and fatty tissues during surgical 
resections. Triggered EMG can also be used in checking 
the functions of injured nerves, roots, or trunks by 
assessing the electrical transmission through such 
structures and comparing it with a healthy (or 
presurgical) baseline. Free-run and triggered EMG uses 
in facial nerve/other cranial nerve monitoring, selective 
dorsal rhizotomy,tethered spinal cord release and 
pedicle screw placement.[9][10]
Methodology:-
We evaluated the retrospectively collected 
neuromonitoring data of 14 consecutive post operated 
cases including idiopathic spinal scoliosis, tethered 
cord syndrome, intramedullary spinal cord tumor, 
Acoustic neuroma , Post traumatic right Brachial 
plexopathy repair, Right Spastic hemiparesis by 
independent observer from  2012 -to -2013. Patients 
with established diagnosis with age group 4 to 70 years 
operated at single institution Aga Khan University 
Hospital Karachi, Pakistan. Retrospectively collected 
medical records, intraoperative monitoring records, 
operative narratives and outpatient clinical notes for all 
patients were reviewed. SSEP, Free-running and 
Trigged- EMG and BEAP were the used methods of 
IONM. Important demographic and clinical data were 
documented including age, gender.Preoperative 
neurological status obtained from the outpatient 
clinical notes, baseline neurophysiologic and 
radiographic data were reviewed by an observer. The 
operative reports, intraoperative monitoring records 
were recorded retrospectively and to determine specific 
intraoperative events, changes in the amplitude or 
latency of SSEP/BEAP and neurotonic discharges and 
CMAP response of Free-running and Trigged- EMG. 
Filumterminale or other tether wereidentified before 
transection by help of EMG monitoring of sphincter and 
lower limb muscles.
Monitoring:-
All neurophysiologic monitoring was performed by 
consultant neurophysiologist and trained technologists 
with experience in IONM. Baseline (Pre operative) and 
serial neurophysiologic monitoring was done. SSEP, 
BEAP, Free-running and Trigged- EMG were recorded 
pre and per operatively. Repeated recordings were 
taken from both lower and upper-extremities for 
Free-running and Triggered- EMG potentials. 
Lower-extremity (posterior tibial nerves) and 
upper-extremity (median nerves) were recorded for 
SSEP. 
Somatosensory-evoked potentials (SSEP):-
Both cortical (N20,P37) and peripheral (popliteal and 
erbs potentials) SSEP were elicited by a 300-µs 
square-wave electrical pulse presented, in turn, to the 
posterior tibial and median nerves at a rate of 4.7/s. 
Stimulation intensity levels ranged from 25 to 45 
mA.The recording band pass was typically 30 – 1 kHz 
(-3db). An analysis time of 75-150 ms for lower limb 
and 50 ms for upper limb was used.Generally 250 – 
1000 trials were needed; the number of trials 
depended on the amount of noise present and the 
amplitude of the SSEP signal itself (signal to noise 
ratio)[11].Cortical potentials were recorded from 
standard disc EEG electrodes affixed to standard cranial 
locations and referenced as per international criteria of 
monitoring [12][13][14][15].
Continuous Free-Running EMG Monitoring:-
Identification of neurotonic discharges are used to alert 
the surgeon of inadvertent trauma to roots and 
peripheral nerves in an effort to prevent irreversible 
nerve injury. Electromyography was typically recorded 
using paired intramuscular needle electrodes, which 
were insertedafter the patient was anesthetized but 
before the surgery started. The time base was100 
msec/division and the display sensitivity was 
50microV/division [2].
Stimulus-Triggered EMG :- 
Intraoperative CMAP responses are typically recorded 
using intramuscular needle electrodes and submaximal 
stimulation and polyphasic responses with variable 
onset latencies and amplitudes [16].The stimulator used 
was typically a hand-held monopolar or bipolar sterile 
device used within the operative field by the surgeon. 
The time base was 10 msec/ division and the display 
sensitivity  was 50 microV/division.
Significant alert:- 
Significant alert demanding intervention was defined as 
persistent neurotonic discharges in continuous 
free-running EMG monitoring and all-or-nothing 
CMAP-responses in Stimulus-triggered EMG 
monitoring, ≥50% of the amplitude reduction and or 
increase in the latency by ≥10% of the SSEP relative to 
a stable baseline.[2][3][13][17]
Results:-
There were 14 patients (8 male, 6 female patients) 
ranging in age from 4 to 70 years (average age 39 
years old) at the time of surgery. Preoperative baseline 
monitoring with the standard neuromonitoring protocol 
of SSEP was available in all required patients. A total of 
14 patients underwent for different corrective 
surgeries. All 14 patients did not show any signal alert 
and had no postoperative new neurodeficit. However 
one patient with acoustic neuroma on clinic follow up 
had worsening of facial weakness (House-Brackmann 
grade from II- to –III). Out of 14 patients in this study, 
six patients were spinal scoliosis, four patients had 
tethered cord syndrome with or without 
lipo/meningomyelocele, one patient with intramedullary 
thoracic spinal cord tumors, one patient with acoustic 
neuroma, one patient with post trumatic right brachial 
plexopathy and one patient with right Spastic 
hemiparesis. Filumterminale or other tether were 
identified before transection by help of triggered-EMG 
monitoring of sphincter and lower limb muscles.Out of 
the total of 14 patients, eight patients showed no 
neurodeficit in outpatient clinic and five patients were 
lost to follow up while one patient showed minimal 
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Discussion:-
IONM is the use of electrophysiological methods such 
as evoked potentials (e,g.SSEP,MEP,BAEP) and 
electromyography (EMG) to monitor the functional 
integrity of certain  neural structures (e.g.nerves, spinal 
cord and parts of the brain) during surgery. The purpose 
of IONM is to reduce the risk of iatrogenic damage to 
the peripheral and central nervous system, and provide 
optimal functional guidance to the surgeon.Patients 
benefit from neuromonitoring during almost any surgery 
where there is risk to the nervous system. Most 
neuromonitoring is utilized by spine surgeons, but 
neurosurgeons, vascular, orthopedic, and 
otolaryngologists have all utilized neuromonitoring. The 
most common applications are in spinal surgery; 
selected brain surgeries; carotid endarterectomy, ENT 
procedures, acoustic neuroma resection, parotidectomy 
and peripheral nerve surgery. Motor evoked potentials 
have also been used in surgery for TAAA 
(thoracic-abdominal aortic aneurysms). Intraoperative 
monitoring is used to localize neural structures, to test 
function of these structures; and for early detection of 
intraoperative injury, allowing for immediate corrective 
measures.SSEP is used to monitor spinal cord function. 
A baseline pre-operatively is obtained, and if there are 
no significant changes during surgery the assumption is 
that the spinal cord has not been injured. If there is a 
significant change, corrective measures can be taken 
promptly. More recently transcranial electric motor 
evoked potentials (MEP) have also been used for spinal 
cord monitoring. EMG is used for cranial nerve 
monitoring in skull base pathologies and for nerve root 
monitoring and testing in spinal surgery. BAEP is used 
for monitoring of the acoustic nerve during acoustic 
neuroma and brainstem tumor resections.In 1992, the 
Scoliosis Research Society issued a position statement 
regarding the use of neurophysiologic monitoring during 
spinal surgery. They concluded that, ‘A substantial body 
of research has demonstrated that neurophysiologic 
monitoring can assist in the early detection of 
complications, and can possibly prevent postoperative 
morbidity in patients undergoing operations on the spine 
[18]. The Scoliosis Research Society considers 
neurophysiologic monitoring a viable alternative, as well 
as an adjunct, to the use of the wake-up test during 
spinal surgery.The goal of neurophysiologic monitoring is 
rapid detection of any neurological insult during surgical 
intervention on the nervous system and prompt early 
intervention, thus reversing the insult and avoiding 
adverse clinical sequelae. In our study, there was no 
case that had signal change in SSEP or neurotonic 
discharges on free-running EMG. Our study supports 
that neuromonitoring with SSEP and EMG during 
surgical correction is feasible and provides useful 
neurophysiologic data to reverse neurological insult. 
However in our study, IONM for spinal cord surgical 
correction was done with SSEP only. Isolated SSEP 
monitoring is not the standard of care anymore [19][20] 
.With MEP, combined multimodal spinal cord monitoring 
is more reliable to avoid neurological injury and provides 
additional information concerning the integrity of all 
neurological tracts of the spinal cordnot obtained with 
SSEP alone[21][22] .There are limitations of this study. 
Firstly all cases of spinal cord corrective surgeries 
particularly for scoliosis were used only SSEP modality 
without MEP monitoring due to unavailability in our 
hospital. Secondly, very few trained neurosurgeons 
request for neurophysiological intraoperative monitoring 
and therefore it was a very small sample size. Thirdly, 
there were no proper grounding setup in the operative 
room (OR) for otherwise preventable artifacts seen 
during monitoring. Fourthly, lack of knowledge of drugs 
effect on neurophysiologic modalities during NIOM by 
anesthetic team were also noted.
Conclusion:-
Multimodality neurophysiologic intraoperative 
monitoring appears to be the standard of care for 
monitoring functional integrity and reducing the risk of 
iatrogenic damage to the nervous system and to provide 
functional guidance to the surgeon. SSEP and MEP 
should be used together for spinal cord surgeries to 
minimize nervous tissues insults. 
References 
1- http://www.asnm.org.
2-  Husain AM, editor. ed. A Practical Approach to 
 Neurophysiologic Intraoperative Monitoring. New 
 York: Demos; 2008
3-  http://www.acns.org; Guideline 11A: 
 Recommended standards for Neurophysiologic 
 intraoperative monitoring-Principles.2009 
4-  http://www.acns.orgGuideline 11 C:
 Recommended standards for intraoperative 
 Auditory Evoked Potentials.2009.
5-  Nuwer MR, Dawson EG, Carlson LG, Kanim LE, 
 Sherman JE. Somatosensory evoked potential 
 spinal cord monitoring reduces neurologic deficits 
 after scoliosis surgery: results of a large 
 multicenter survey. 
 ElectroencephalographClinNeurophysiol 1995; 
 96:611.
6-  Lesser RP, Raudzens P, Luders H, Nuwer MR,
 Goldie WD, Morris 3rd HH, et al. Postoperative 
 neurological deficits may occur despite 
 unchanged intraoperative somatosensory evoked 
 potentials. Ann Neurol 1986; 19:22–5.
7-  Lyon R, Feiner J, Lieberman JA. Progressive 
 suppression of motor evoked potentials during 
 general anesthesia: the phenomenon of 
 “anesthetic fade”. J NeurosurgAnesthesiol2005; 
 17:13–19.
8-  MacDonald DB ,Skinner S, Shils J ,Yingling C. 
 Intraoperative motor evoked potential monitoring 
 – A position statement by the American Society of 
 Neurophysiological Monitoring.ClinNeurophysiol 
 (2013), 
9-  Kircher ML, Kartush JM. Pitfalls in intraoperative 
 nerve monitoring during vestibular schwannoma 
 surgery.Neurosurg Focus. Sep 2012; 33(3):E5.
10-  Khealani B and A Husain (2009) Neurophysiologic
 intraoperative monitoring during surgery for 
 tethered cord syndrome. J ClinNeurophysiol 
 26:76–81.
11- http://www.acns.org; Guideline 11B:
 Recommended standards for intraoperative 
 monitoring of Somatosensory Evoked Potentials. 
12- Schwartz DM, Auerbach JD, Dormans JP.
 Neurophysiological detection of impending spinal 
 cord injury. J Bone Joint Surg Am. 
 2007;89:2440–9. [PubMed]
13-  Kim DH, Zaremski J, Kwon B. Risk factors for false 
 positive transcranial motor evoked potential 
 monitoring alerts during surgical treatment of 
 cervical myelopathy. Spine. 2007;32:3041–6. 
[PubMed]
14- Schwartz DM, Sestokas AK. Systems based 
 algorithmic approach to intraoperative 
 neurophysiological monitoring during spinal 
 surgery. Semin Spine Surg. 2002;14:136–45.
15- Deletis V. Intraoperative neurophysiology and
 methodologies used to monitor the functional 
 integrity of the motor system. In: Deletis V, Shils 
 JL, editors. Neurophysiology in neurosurgery: A 
 modern intraoperative approach. New York: 
 Academic Press; 2002. pp. 25–6.
16- Daube J and C Harper (1989) Surgical monitoring
 of cranial and peripheral nerves, in 
 Neuromonitoring in Surgery, J Desmedt, Editor. 
 Elsevier Science Publishers: Amesterdam. 
 115–38.
17- Seyal M, Mull B. Mechanisms of signal change 
 during intraoperative somatosensory evoked 
 potential monitoring of the spinal cord. J 
 ClinNeurophysiol. 2002;19:409–15. [PubMed]
18- Scoliosis Research Society. Position statement: 
 Somatosensory evoked potential monitoring of 
 neurologic spinal cord function during spinal 
 surgery. Scoliosis Res Soc. 1992.
19- Bejjani GK, Nora PC, Vera PL, Broemling L, Sekhar
 LN. The predictive value of intraoperative 
 somatosensory-evoked potential monitoring: 
 Review of 244 procedures. Neurosurgery. 
 1998;43:491–8. [PubMed]
20- Ginsberg HH, Shetter AG, Raudzens PA.
 Postoperative paraplegia with preserved 
 intraoperative somatosensory-evoked potentials.J 
 Neurosurg. 1985;63:296–300. [PubMed]
21-  Kai Y, Owen JH, Kenke LG, Bridwell KH, Oakley
 DM, Sugioka Y. Use of sciatic neurogenic 
 motor-evoked potentials versus spinal potentials 
 to predict early-onset neurologic deficits when 
 intervention is still possible during over distraction. 
 Spine. 1993;18:1134–9. [PubMed]
22- Pelosi L, Lamb J, Grevitt M, Mehdian SM, Webb 
 JK, Blumhardt LD. Combined monitoring of motor 
 and somatosensory evoked potentials in 
 orthopaedic spinal surgery. ClinNeurophysiol. 
 2002;113:1082–91. [PubMed]











8 (8) 16 (16) 

























1 (1) 2(2) 40 (40) 









9.96 0.04* 0.97 
0 (0) 8 (13.1) 












































































6.59 0.03* 0.10 
Figure I: MRI Brain in CNS TB
Figure I:  MRI Brain in CNS TB: A: Hydrocephalus as 
shown in MRI brain of one of our patients (No.22) 
depicted by dilated anterior and posterior horns of 
lateral ventricles (arrow heads),B: DWI MRI Brain 
showing restricted diffusion in right sided basal ganglia 
and thalamus regions in one of our patients (No.35) 
(arrow head in circle), C: Schematic of MRI Brain T1WI 
with contrast studded with multiple small tuberculomas 
(arrow heads)(No.72)D: MRI Brain T1WI with contrast 
showing basal meningeal enhancement (thick arrow 
head within circle) in one of our patients (No.83).
Figure II: MRI Brain findings and distribution of 
mortality: vertical double capped lines show 1 SD.
DISCUSSION
TBM is the most common cause of chronic meningitis 
caused by mycobacterium tuberculosis in the 
developing countries and is a major public health 
problem due to its permanent neurological sequelae 
and mortality. [4] It is the most common and severe form 
of central nervous system tuberculosis with invasion 
and involvement of the meninges and the underlying 
brain parenchyma. The diagnosis of TBM is elusive and 
high index of suspicion is necessary for early diagnoses. 
The definitive diagnosis of TBM is dependent on 
microbiological testing by demonstrating M. 
tuberculosis on smear as AFB or culture of the CSF. 
[16,17]CSF acid fast bacillus has a low sensitivity of 
20-40%.[18]CSF culture is a time-consuming procedure. 
Moreover, CSF culture can be negative in 15-75% of 
cases.[6] Treatment delay is often associated with high 
fatality therefore early recognition is of paramount 
importance as the clinical outcome depends upon the 
stage at which therapy is initiated.[2,17] Current 
antituberculous drugs are highly effective when 
treatment commences early, before the onset of 
complications.The typical neuroradiological findings of 
TBM appear due to the pathophysiology of TBM which 
can aid in the diagnosis of TBM.[19,20]However, the 
diagnostic value hasn’t been fully validated in studies. 
Moreover, data on the utility of neuroradiology in 
predicting the outcome of TBM is even more 
limited.Cranial imaging is useful in diagnosing TBM, 
predicting its complications and also has a prognostic 
value.[14,21-25]  Some studies comparing CT to MRI have 
indicated MRI as a superior diagnostic imaging 
modality.[23-25]  In this study, NECT brain was obtained in 
all the patients prior to lumbar puncture, due to easy 
availability and quick completion. CT brain was 
abnormal in 67% of the patients. In a review of 289 
patients published in the year 2000 CT brain was found 
to be abnormal in 87% cases.[26]  This difference in 
radiological yield may be attributed to the fact that they 
performed both NECT and CT with contrast while we 
only got the former done. MRI brain with contrast with 
DWI and ADC was done in 61% of the patients. Out of 
the 61 patients in whom MRI scans were done 88.5% 
had radiological findings. This finding is almost 
comparable to a study in which MRI brain revealed 
findings in 90% cases.[27]   MRI showed even more 
findings in cases where CT scan results were suspicious 
or normal especially in case of meningeal 
enhancement or tuberculomas as seen in earlier 
studies.[27] In this study 10 patients had normal CT 
scans of the brain, while the MRI scans of these 
patients revealed abnormal findings. MRI with contrast 
has higher efficacy for detecting tuberculomas, basal 
enhancement and infarction in TBM. Majority of the 
patients in this study presented in MRC stage 2 which 
is comparable with most of other studies. [28]The 
delayed presentation of TBM may be attributed to the 
poor socioeconomic background and low literacy rate of 
most of our patients, especially those from remote rural 
areas who do not seek proper medical assistance until 
the terminal stages of the disease. However, this just a 
theoretical assumption and requires proper statistical 
validation. Ischemia/infarcts were observed in 13% of 
the patients. Previous studies reported the incidence of 
infarction in TBM as ranging from 13% to 
53%.[29-31]Those patients who had infarcts on CT or MRI 
brain had greater morbidity reflected by MRC stage of 
mostly 3. Almost 60% mortality was seen in these 
patients. Infarcts have been shown to be associated 
with poor outcome in TBM as shown Wasay et al in their 
study.[14] MR scans especially DWI sequences were 
superior in detecting infarcts. The mean age of patients 
with TBM complicated by infarcts was 35.12 ± 2.18 
years (75% males)  in our study which was much lower 
than the mean of age of similar patients in their study 
i.e. 57 ± 17.6 (56.7% males). They attributed it to 
Ischemic heart disease while we propose an infection 
relatedvasculitis as the etiology which tends to be more 
common in younger patients. This however, needs 
validation in a separate study designed to evaluate 
patients of TBM with infarcts alone.Tuberculomas were 
detected in 33 of the patients in this study (54%). 
Tuberculomas are common forms of CNS TB and result 
from parenchymal rich foci.[10]Tuberculomas are 
frequently multiple. [10,26,27]In this study 82.4% of these 
33 patients had multiple tuberculomas. Patients with 
tuberculomas were mostly in MRC stage 2. However, 
mortality was not statistically significant. This is in 
contrast to older studies;[32] but corresponds to the 
results of the study by Wasay et al.[14] Hydrocephalus is 
a common complication of TBM, and was seen in 61% 
cases in this study which is in accordance with most of 
the other studies.[32,33]The reported frequency of 
hydrocephalus varies from 12% to 77% in patients with 
TBM in various case series.[16,32-34] Patients with 
hydrocephalus were mostly in MRC stage 2 and had a 
higher mortality compared to those with normal 
neuroimaging. In conclusion, patients with infarcts had 
a worse outcome as compared to those with 
hydrocephalus or tuberculomas.MRI scans provided 
additional findings such as tuberculomas and infarcts 
not identified on CT. This might help in modifying drug 
regime or duration of therapy by follow up scans and 
comparing scans for resolution of findings. This study 
was limited by the fact that patients were screened only 
at the commencement of therapy, and there was no set 
protocol for follow up of patients who develop these 
complications during the course of treatment or 
whether initiating prompt therapy conferred a better 
outcome as we did not study end of treatment 
outcomes.  Neuroradiological findings such as infarcts, 
tuberculoma or hydrocephalus, are helpful for the 
diagnosis of TBM in the early stages before a 
microbiological diagnosis is established.[35-37] MRI and 
CT scanning are also critical in predicting the outcome 
and in evaluating the complications of the disease as 
shown in the study by Wasay et al.[14] Therefore, MRI 
brain with contrast and DWI sequences should be 
performed for all patients in the early stage of the 
disease to detect specific signs related with poor 
outcome. It may reveal specific radiological findings 
associated with TBM which contribute to diagnostic 
certainty.
CONCLUSION
Neuroimaging techniques are a handy tool in the early 
diagnosis of TBM. MRI is particularly helpful in defining 
findings such as infarcts and tuberculomas and in 
predicting mortality and morbidity.
DISCLAIMER
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INTRODUCTION 
IONM is used to monitor thefunctional integrity of the 
central or peripheral nervous system in “real time” ,that 
is during the ongoing operative procedures. It alarms 
the surgeon to potential neurologic injury and prompt 
implementation of corrective measures to prevent 
permanent disability, thus improves surgical 
outcomes[1]. IONM is performed using a variety of 
neurophysiologic techniques including; Evoked 
potentials (EPs), Electromyography (EMG), Nerve 
action potential (NAP)and Electroencephalography 
(EEG) to monitor the functional integrity of certain 
neural structures (e.g. nerves, spinal cord and parts of 
the brain) during surgery. [2]
Somatosensory Evoked Potentials (SSEP)
SSEP evaluates the integrity of the large fiber sensory 
system. SSEP are obtained by direct electrical 
stimulation of peripheral nerves and recording at 
different levels within the neuraxis. Serially recorded 
responses are compared with laboratory norms. 
Establishing a reproducible baseline recording prior to 
any positioning or surgical manipulations is important. 
Changes from the baseline responses are the most 
important indicators of neurological dysfunction. Blood 
pressure, temperature and volatile anesthetics effects 
(halogenated and nitrous oxide) should be monitored 
simultaneously with the neurophysiologic data. [3]  SSEP 
uses in different surgical procedures like spinal surgery, 
carotid surgeries including endarterectomy, cerebral 
aneurysm surgery, Aortic cross-clamping and 
localization of sensorimotor cortex.
Brainstem Auditory Evoked Potentials (BAEP) 
BAEPs are short-latency potentials reflecting the 
depolarization of several structures within the auditory 
pathways. It is essential that these baseline BAEPs be 
recorded using the same parameters for stimulation 
and recording that are to be used for intraoperative 
monitoring.
Anatomical localization of BAEP Waves:-
Recordings are obtained by stimulating with auditory 
clicks in the ear. Compression, traction, thermal injury, 
and ischemia are the commonest causes of surgical 
injurries to auditory system. Ischemia of the cochlea 
occurs from trauma to the internal auditory artery and 
causes a sudden loss of all BAEP waveforms. BAEP is 
insensitive to anesthetics including volatile agents. [4]
Changes in latency, interlatencies difference and 
amplitude of BEAP waves I, III and V can be monitored 
during CPA tumors surgery, microvascular 
decompression (MVD) of VII nerve,V nerve and IX 
nerve, skull base surgery, suboccipital decompression 
and vascular surgeries of posterior circulation.The 
stimulus use for BAEP is an auditory click which is a 
broad band sound range between (500-4000 Hz) 
delivering various audio frequencies so BAEP cannot 
exclude a specific frequency hearing deficit or a mild 
hearing deficit(<500hz). BAEP can change 
dramatically in neonates and infants before the age of 
two years. 
Motor Evoked Potentials(MEP):-
SSEP monitoring was used in the past to reduce the 
risk of motor system injury. [5]However, significant motor 
deficits have been seen in patients undergoing spinal 
surgery despite normal SSEPs.[5][6] In conjunction with 
MEP and SSEPs, the anterior and posterior portions of 
the spinal cord can be monitored together. MEPs are 
sensitive to volatile anesthetic(halogenated and nitrous 
oxide) and especially neuromuscular blockade. Motor 
evoked potentials (MEPs) are obtained by electrically 
stimulating the brain and recording the response over 
the spinal cord (Direct = D and Indirect = I waves), 
peripheral nerves (nerve action potentials), or muscles 
(compound muscle action potentials). For robust MEP 
signals, complete loss of MEP signal or abrupt 
significant decrease in amplitude of 80% or more in the 
absence of an explanation other than surgical injury is 
considered significant. Gradual changes in MEP signals 
more commonly reflect systemic factors or an 
“anesthetic fade” phenomenon [7].Indications for MEP 
monitoring include any surgery risking motor injury. The 
most common indications arise during tumor or 
epileptic focus resections near the motor cortex or 
corticospinal tract, intracranial aneurysm clipping, 
posterior fossa surgery, craniocervical junction and 
spinal operations, spinal cord procedures and tethered 
cord or caudaequinasurgeries.Vascular indications 
include descending aortic procedures, spinal 
arteriovenous malformation interventions and carotid 
endarterectomy.Safety issues include thermal injury of 
the brain or scalp, bite injuries, seizures, 
movement-induced injury and  arrhythmias. Relative 
contraindications include patients with epilepsy, 
cortical lesions, skull defects, intracranial vascular 
clips, shunts, or electrodes; and pacemakers or other 
implanted bioelectric devices. [8]
Free-running and Triggered EMG :-
Free-run EMG (f-EMG) consists of recording 
spontaneous muscle activity, thus allowing its real-time 
assessment.  IONM use as a monitoring tool helps for 
detecting surgically driven mechanical irritation of the 
peripheral nervous system and of the cranial nerves, 
before irreversible damage to these structures 
occurred. Triggered EMG consists of applying an 
electrical stimulus, directly on the peripheral motor 
nerves or roots, for eliciting CMAPs to be recorded in 
the corresponding muscles. Thus, it can be used as a 
mapping tool for detecting the location of peripheral or 
cranial nerves that may be difficult to distinguish from 
tumoral, fibrous and fatty tissues during surgical 
resections. Triggered EMG can also be used in checking 
the functions of injured nerves, roots, or trunks by 
assessing the electrical transmission through such 
structures and comparing it with a healthy (or 
presurgical) baseline. Free-run and triggered EMG uses 
in facial nerve/other cranial nerve monitoring, selective 
dorsal rhizotomy,tethered spinal cord release and 
pedicle screw placement.[9][10]
Methodology:-
We evaluated the retrospectively collected 
neuromonitoring data of 14 consecutive post operated 
cases including idiopathic spinal scoliosis, tethered 
cord syndrome, intramedullary spinal cord tumor, 
Acoustic neuroma , Post traumatic right Brachial 
plexopathy repair, Right Spastic hemiparesis by 
independent observer from  2012 -to -2013. Patients 
with established diagnosis with age group 4 to 70 years 
operated at single institution Aga Khan University 
Hospital Karachi, Pakistan. Retrospectively collected 
medical records, intraoperative monitoring records, 
operative narratives and outpatient clinical notes for all 
patients were reviewed. SSEP, Free-running and 
Trigged- EMG and BEAP were the used methods of 
IONM. Important demographic and clinical data were 
documented including age, gender.Preoperative 
neurological status obtained from the outpatient 
clinical notes, baseline neurophysiologic and 
radiographic data were reviewed by an observer. The 
operative reports, intraoperative monitoring records 
were recorded retrospectively and to determine specific 
intraoperative events, changes in the amplitude or 
latency of SSEP/BEAP and neurotonic discharges and 
CMAP response of Free-running and Trigged- EMG. 
Filumterminale or other tether wereidentified before 
transection by help of EMG monitoring of sphincter and 
lower limb muscles.
Monitoring:-
All neurophysiologic monitoring was performed by 
consultant neurophysiologist and trained technologists 
with experience in IONM. Baseline (Pre operative) and 
serial neurophysiologic monitoring was done. SSEP, 
BEAP, Free-running and Trigged- EMG were recorded 
pre and per operatively. Repeated recordings were 
taken from both lower and upper-extremities for 
Free-running and Triggered- EMG potentials. 
Lower-extremity (posterior tibial nerves) and 
upper-extremity (median nerves) were recorded for 
SSEP. 
Somatosensory-evoked potentials (SSEP):-
Both cortical (N20,P37) and peripheral (popliteal and 
erbs potentials) SSEP were elicited by a 300-µs 
square-wave electrical pulse presented, in turn, to the 
posterior tibial and median nerves at a rate of 4.7/s. 
Stimulation intensity levels ranged from 25 to 45 
mA.The recording band pass was typically 30 – 1 kHz 
(-3db). An analysis time of 75-150 ms for lower limb 
and 50 ms for upper limb was used.Generally 250 – 
1000 trials were needed; the number of trials 
depended on the amount of noise present and the 
amplitude of the SSEP signal itself (signal to noise 
ratio)[11].Cortical potentials were recorded from 
standard disc EEG electrodes affixed to standard cranial 
locations and referenced as per international criteria of 
monitoring [12][13][14][15].
Continuous Free-Running EMG Monitoring:-
Identification of neurotonic discharges are used to alert 
the surgeon of inadvertent trauma to roots and 
peripheral nerves in an effort to prevent irreversible 
nerve injury. Electromyography was typically recorded 
using paired intramuscular needle electrodes, which 
were insertedafter the patient was anesthetized but 
before the surgery started. The time base was100 
msec/division and the display sensitivity was 
50microV/division [2].
Stimulus-Triggered EMG :- 
Intraoperative CMAP responses are typically recorded 
using intramuscular needle electrodes and submaximal 
stimulation and polyphasic responses with variable 
onset latencies and amplitudes [16].The stimulator used 
was typically a hand-held monopolar or bipolar sterile 
device used within the operative field by the surgeon. 
The time base was 10 msec/ division and the display 
sensitivity  was 50 microV/division.
Significant alert:- 
Significant alert demanding intervention was defined as 
persistent neurotonic discharges in continuous 
free-running EMG monitoring and all-or-nothing 
CMAP-responses in Stimulus-triggered EMG 
monitoring, ≥50% of the amplitude reduction and or 
increase in the latency by ≥10% of the SSEP relative to 
a stable baseline.[2][3][13][17]
Results:-
There were 14 patients (8 male, 6 female patients) 
ranging in age from 4 to 70 years (average age 39 
years old) at the time of surgery. Preoperative baseline 
monitoring with the standard neuromonitoring protocol 
of SSEP was available in all required patients. A total of 
14 patients underwent for different corrective 
surgeries. All 14 patients did not show any signal alert 
and had no postoperative new neurodeficit. However 
one patient with acoustic neuroma on clinic follow up 
had worsening of facial weakness (House-Brackmann 
grade from II- to –III). Out of 14 patients in this study, 
six patients were spinal scoliosis, four patients had 
tethered cord syndrome with or without 
lipo/meningomyelocele, one patient with intramedullary 
thoracic spinal cord tumors, one patient with acoustic 
neuroma, one patient with post trumatic right brachial 
plexopathy and one patient with right Spastic 
hemiparesis. Filumterminale or other tether were 
identified before transection by help of triggered-EMG 
monitoring of sphincter and lower limb muscles.Out of 
the total of 14 patients, eight patients showed no 
neurodeficit in outpatient clinic and five patients were 
lost to follow up while one patient showed minimal 
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IONM is the use of electrophysiological methods such 
as evoked potentials (e,g.SSEP,MEP,BAEP) and 
electromyography (EMG) to monitor the functional 
integrity of certain  neural structures (e.g.nerves, spinal 
cord and parts of the brain) during surgery. The purpose 
of IONM is to reduce the risk of iatrogenic damage to 
the peripheral and central nervous system, and provide 
optimal functional guidance to the surgeon.Patients 
benefit from neuromonitoring during almost any surgery 
where there is risk to the nervous system. Most 
neuromonitoring is utilized by spine surgeons, but 
neurosurgeons, vascular, orthopedic, and 
otolaryngologists have all utilized neuromonitoring. The 
most common applications are in spinal surgery; 
selected brain surgeries; carotid endarterectomy, ENT 
procedures, acoustic neuroma resection, parotidectomy 
and peripheral nerve surgery. Motor evoked potentials 
have also been used in surgery for TAAA 
(thoracic-abdominal aortic aneurysms). Intraoperative 
monitoring is used to localize neural structures, to test 
function of these structures; and for early detection of 
intraoperative injury, allowing for immediate corrective 
measures.SSEP is used to monitor spinal cord function. 
A baseline pre-operatively is obtained, and if there are 
no significant changes during surgery the assumption is 
that the spinal cord has not been injured. If there is a 
significant change, corrective measures can be taken 
promptly. More recently transcranial electric motor 
evoked potentials (MEP) have also been used for spinal 
cord monitoring. EMG is used for cranial nerve 
monitoring in skull base pathologies and for nerve root 
monitoring and testing in spinal surgery. BAEP is used 
for monitoring of the acoustic nerve during acoustic 
neuroma and brainstem tumor resections.In 1992, the 
Scoliosis Research Society issued a position statement 
regarding the use of neurophysiologic monitoring during 
spinal surgery. They concluded that, ‘A substantial body 
of research has demonstrated that neurophysiologic 
monitoring can assist in the early detection of 
complications, and can possibly prevent postoperative 
morbidity in patients undergoing operations on the spine 
[18]. The Scoliosis Research Society considers 
neurophysiologic monitoring a viable alternative, as well 
as an adjunct, to the use of the wake-up test during 
spinal surgery.The goal of neurophysiologic monitoring is 
rapid detection of any neurological insult during surgical 
intervention on the nervous system and prompt early 
intervention, thus reversing the insult and avoiding 
adverse clinical sequelae. In our study, there was no 
case that had signal change in SSEP or neurotonic 
discharges on free-running EMG. Our study supports 
that neuromonitoring with SSEP and EMG during 
surgical correction is feasible and provides useful 
neurophysiologic data to reverse neurological insult. 
However in our study, IONM for spinal cord surgical 
correction was done with SSEP only. Isolated SSEP 
monitoring is not the standard of care anymore [19][20] 
.With MEP, combined multimodal spinal cord monitoring 
is more reliable to avoid neurological injury and provides 
additional information concerning the integrity of all 
neurological tracts of the spinal cordnot obtained with 
SSEP alone[21][22] .There are limitations of this study. 
Firstly all cases of spinal cord corrective surgeries 
particularly for scoliosis were used only SSEP modality 
without MEP monitoring due to unavailability in our 
hospital. Secondly, very few trained neurosurgeons 
request for neurophysiological intraoperative monitoring 
and therefore it was a very small sample size. Thirdly, 
there were no proper grounding setup in the operative 
room (OR) for otherwise preventable artifacts seen 
during monitoring. Fourthly, lack of knowledge of drugs 
effect on neurophysiologic modalities during NIOM by 
anesthetic team were also noted.
Conclusion:-
Multimodality neurophysiologic intraoperative 
monitoring appears to be the standard of care for 
monitoring functional integrity and reducing the risk of 
iatrogenic damage to the nervous system and to provide 
functional guidance to the surgeon. SSEP and MEP 
should be used together for spinal cord surgeries to 
minimize nervous tissues insults. 
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Figure I: MRI Brain in CNS TB
Figure I:  MRI Brain in CNS TB: A: Hydrocephalus as 
shown in MRI brain of one of our patients (No.22) 
depicted by dilated anterior and posterior horns of 
lateral ventricles (arrow heads),B: DWI MRI Brain 
showing restricted diffusion in right sided basal ganglia 
and thalamus regions in one of our patients (No.35) 
(arrow head in circle), C: Schematic of MRI Brain T1WI 
with contrast studded with multiple small tuberculomas 
(arrow heads)(No.72)D: MRI Brain T1WI with contrast 
showing basal meningeal enhancement (thick arrow 
head within circle) in one of our patients (No.83).
Figure II: MRI Brain findings and distribution of 
mortality: vertical double capped lines show 1 SD.
DISCUSSION
TBM is the most common cause of chronic meningitis 
caused by mycobacterium tuberculosis in the 
developing countries and is a major public health 
problem due to its permanent neurological sequelae 
and mortality. [4] It is the most common and severe form 
of central nervous system tuberculosis with invasion 
and involvement of the meninges and the underlying 
brain parenchyma. The diagnosis of TBM is elusive and 
high index of suspicion is necessary for early diagnoses. 
The definitive diagnosis of TBM is dependent on 
microbiological testing by demonstrating M. 
tuberculosis on smear as AFB or culture of the CSF. 
[16,17]CSF acid fast bacillus has a low sensitivity of 
20-40%.[18]CSF culture is a time-consuming procedure. 
Moreover, CSF culture can be negative in 15-75% of 
cases.[6] Treatment delay is often associated with high 
fatality therefore early recognition is of paramount 
importance as the clinical outcome depends upon the 
stage at which therapy is initiated.[2,17] Current 
antituberculous drugs are highly effective when 
treatment commences early, before the onset of 
complications.The typical neuroradiological findings of 
TBM appear due to the pathophysiology of TBM which 
can aid in the diagnosis of TBM.[19,20]However, the 
diagnostic value hasn’t been fully validated in studies. 
Moreover, data on the utility of neuroradiology in 
predicting the outcome of TBM is even more 
limited.Cranial imaging is useful in diagnosing TBM, 
predicting its complications and also has a prognostic 
value.[14,21-25]  Some studies comparing CT to MRI have 
indicated MRI as a superior diagnostic imaging 
modality.[23-25]  In this study, NECT brain was obtained in 
all the patients prior to lumbar puncture, due to easy 
availability and quick completion. CT brain was 
abnormal in 67% of the patients. In a review of 289 
patients published in the year 2000 CT brain was found 
to be abnormal in 87% cases.[26]  This difference in 
radiological yield may be attributed to the fact that they 
performed both NECT and CT with contrast while we 
only got the former done. MRI brain with contrast with 
DWI and ADC was done in 61% of the patients. Out of 
the 61 patients in whom MRI scans were done 88.5% 
had radiological findings. This finding is almost 
comparable to a study in which MRI brain revealed 
findings in 90% cases.[27]   MRI showed even more 
findings in cases where CT scan results were suspicious 
or normal especially in case of meningeal 
enhancement or tuberculomas as seen in earlier 
studies.[27] In this study 10 patients had normal CT 
scans of the brain, while the MRI scans of these 
patients revealed abnormal findings. MRI with contrast 
has higher efficacy for detecting tuberculomas, basal 
enhancement and infarction in TBM. Majority of the 
patients in this study presented in MRC stage 2 which 
is comparable with most of other studies. [28]The 
delayed presentation of TBM may be attributed to the 
poor socioeconomic background and low literacy rate of 
most of our patients, especially those from remote rural 
areas who do not seek proper medical assistance until 
the terminal stages of the disease. However, this just a 
theoretical assumption and requires proper statistical 
validation. Ischemia/infarcts were observed in 13% of 
the patients. Previous studies reported the incidence of 
infarction in TBM as ranging from 13% to 
53%.[29-31]Those patients who had infarcts on CT or MRI 
brain had greater morbidity reflected by MRC stage of 
mostly 3. Almost 60% mortality was seen in these 
patients. Infarcts have been shown to be associated 
with poor outcome in TBM as shown Wasay et al in their 
study.[14] MR scans especially DWI sequences were 
superior in detecting infarcts. The mean age of patients 
with TBM complicated by infarcts was 35.12 ± 2.18 
years (75% males)  in our study which was much lower 
than the mean of age of similar patients in their study 
i.e. 57 ± 17.6 (56.7% males). They attributed it to 
Ischemic heart disease while we propose an infection 
relatedvasculitis as the etiology which tends to be more 
common in younger patients. This however, needs 
validation in a separate study designed to evaluate 
patients of TBM with infarcts alone.Tuberculomas were 
detected in 33 of the patients in this study (54%). 
Tuberculomas are common forms of CNS TB and result 
from parenchymal rich foci.[10]Tuberculomas are 
frequently multiple. [10,26,27]In this study 82.4% of these 
33 patients had multiple tuberculomas. Patients with 
tuberculomas were mostly in MRC stage 2. However, 
mortality was not statistically significant. This is in 
contrast to older studies;[32] but corresponds to the 
results of the study by Wasay et al.[14] Hydrocephalus is 
a common complication of TBM, and was seen in 61% 
cases in this study which is in accordance with most of 
the other studies.[32,33]The reported frequency of 
hydrocephalus varies from 12% to 77% in patients with 
TBM in various case series.[16,32-34] Patients with 
hydrocephalus were mostly in MRC stage 2 and had a 
higher mortality compared to those with normal 
neuroimaging. In conclusion, patients with infarcts had 
a worse outcome as compared to those with 
hydrocephalus or tuberculomas.MRI scans provided 
additional findings such as tuberculomas and infarcts 
not identified on CT. This might help in modifying drug 
regime or duration of therapy by follow up scans and 
comparing scans for resolution of findings. This study 
was limited by the fact that patients were screened only 
at the commencement of therapy, and there was no set 
protocol for follow up of patients who develop these 
complications during the course of treatment or 
whether initiating prompt therapy conferred a better 
outcome as we did not study end of treatment 
outcomes.  Neuroradiological findings such as infarcts, 
tuberculoma or hydrocephalus, are helpful for the 
diagnosis of TBM in the early stages before a 
microbiological diagnosis is established.[35-37] MRI and 
CT scanning are also critical in predicting the outcome 
and in evaluating the complications of the disease as 
shown in the study by Wasay et al.[14] Therefore, MRI 
brain with contrast and DWI sequences should be 
performed for all patients in the early stage of the 
disease to detect specific signs related with poor 
outcome. It may reveal specific radiological findings 
associated with TBM which contribute to diagnostic 
certainty.
CONCLUSION
Neuroimaging techniques are a handy tool in the early 
diagnosis of TBM. MRI is particularly helpful in defining 
findings such as infarcts and tuberculomas and in 
predicting mortality and morbidity.
DISCLAIMER
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INTRODUCTION 
IONM is used to monitor thefunctional integrity of the 
central or peripheral nervous system in “real time” ,that 
is during the ongoing operative procedures. It alarms 
the surgeon to potential neurologic injury and prompt 
implementation of corrective measures to prevent 
permanent disability, thus improves surgical 
outcomes[1]. IONM is performed using a variety of 
neurophysiologic techniques including; Evoked 
potentials (EPs), Electromyography (EMG), Nerve 
action potential (NAP)and Electroencephalography 
(EEG) to monitor the functional integrity of certain 
neural structures (e.g. nerves, spinal cord and parts of 
the brain) during surgery. [2]
Somatosensory Evoked Potentials (SSEP)
SSEP evaluates the integrity of the large fiber sensory 
system. SSEP are obtained by direct electrical 
stimulation of peripheral nerves and recording at 
different levels within the neuraxis. Serially recorded 
responses are compared with laboratory norms. 
Establishing a reproducible baseline recording prior to 
any positioning or surgical manipulations is important. 
Changes from the baseline responses are the most 
important indicators of neurological dysfunction. Blood 
pressure, temperature and volatile anesthetics effects 
(halogenated and nitrous oxide) should be monitored 
simultaneously with the neurophysiologic data. [3]  SSEP 
uses in different surgical procedures like spinal surgery, 
carotid surgeries including endarterectomy, cerebral 
aneurysm surgery, Aortic cross-clamping and 
localization of sensorimotor cortex.
Brainstem Auditory Evoked Potentials (BAEP) 
BAEPs are short-latency potentials reflecting the 
depolarization of several structures within the auditory 
pathways. It is essential that these baseline BAEPs be 
recorded using the same parameters for stimulation 
and recording that are to be used for intraoperative 
monitoring.
Anatomical localization of BAEP Waves:-
Recordings are obtained by stimulating with auditory 
clicks in the ear. Compression, traction, thermal injury, 
and ischemia are the commonest causes of surgical 
injurries to auditory system. Ischemia of the cochlea 
occurs from trauma to the internal auditory artery and 
causes a sudden loss of all BAEP waveforms. BAEP is 
insensitive to anesthetics including volatile agents. [4]
Changes in latency, interlatencies difference and 
amplitude of BEAP waves I, III and V can be monitored 
during CPA tumors surgery, microvascular 
decompression (MVD) of VII nerve,V nerve and IX 
nerve, skull base surgery, suboccipital decompression 
and vascular surgeries of posterior circulation.The 
stimulus use for BAEP is an auditory click which is a 
broad band sound range between (500-4000 Hz) 
delivering various audio frequencies so BAEP cannot 
exclude a specific frequency hearing deficit or a mild 
hearing deficit(<500hz). BAEP can change 
dramatically in neonates and infants before the age of 
two years. 
Motor Evoked Potentials(MEP):-
SSEP monitoring was used in the past to reduce the 
risk of motor system injury. [5]However, significant motor 
deficits have been seen in patients undergoing spinal 
surgery despite normal SSEPs.[5][6] In conjunction with 
MEP and SSEPs, the anterior and posterior portions of 
the spinal cord can be monitored together. MEPs are 
sensitive to volatile anesthetic(halogenated and nitrous 
oxide) and especially neuromuscular blockade. Motor 
evoked potentials (MEPs) are obtained by electrically 
stimulating the brain and recording the response over 
the spinal cord (Direct = D and Indirect = I waves), 
peripheral nerves (nerve action potentials), or muscles 
(compound muscle action potentials). For robust MEP 
signals, complete loss of MEP signal or abrupt 
significant decrease in amplitude of 80% or more in the 
absence of an explanation other than surgical injury is 
considered significant. Gradual changes in MEP signals 
more commonly reflect systemic factors or an 
“anesthetic fade” phenomenon [7].Indications for MEP 
monitoring include any surgery risking motor injury. The 
most common indications arise during tumor or 
epileptic focus resections near the motor cortex or 
corticospinal tract, intracranial aneurysm clipping, 
posterior fossa surgery, craniocervical junction and 
spinal operations, spinal cord procedures and tethered 
cord or caudaequinasurgeries.Vascular indications 
include descending aortic procedures, spinal 
arteriovenous malformation interventions and carotid 
endarterectomy.Safety issues include thermal injury of 
the brain or scalp, bite injuries, seizures, 
movement-induced injury and  arrhythmias. Relative 
contraindications include patients with epilepsy, 
cortical lesions, skull defects, intracranial vascular 
clips, shunts, or electrodes; and pacemakers or other 
implanted bioelectric devices. [8]
Free-running and Triggered EMG :-
Free-run EMG (f-EMG) consists of recording 
spontaneous muscle activity, thus allowing its real-time 
assessment.  IONM use as a monitoring tool helps for 
detecting surgically driven mechanical irritation of the 
peripheral nervous system and of the cranial nerves, 
before irreversible damage to these structures 
occurred. Triggered EMG consists of applying an 
electrical stimulus, directly on the peripheral motor 
nerves or roots, for eliciting CMAPs to be recorded in 
the corresponding muscles. Thus, it can be used as a 
mapping tool for detecting the location of peripheral or 
cranial nerves that may be difficult to distinguish from 
tumoral, fibrous and fatty tissues during surgical 
resections. Triggered EMG can also be used in checking 
the functions of injured nerves, roots, or trunks by 
assessing the electrical transmission through such 
structures and comparing it with a healthy (or 
presurgical) baseline. Free-run and triggered EMG uses 
in facial nerve/other cranial nerve monitoring, selective 
dorsal rhizotomy,tethered spinal cord release and 
pedicle screw placement.[9][10]
Methodology:-
We evaluated the retrospectively collected 
neuromonitoring data of 14 consecutive post operated 
cases including idiopathic spinal scoliosis, tethered 
cord syndrome, intramedullary spinal cord tumor, 
Acoustic neuroma , Post traumatic right Brachial 
plexopathy repair, Right Spastic hemiparesis by 
independent observer from  2012 -to -2013. Patients 
with established diagnosis with age group 4 to 70 years 
operated at single institution Aga Khan University 
Hospital Karachi, Pakistan. Retrospectively collected 
medical records, intraoperative monitoring records, 
operative narratives and outpatient clinical notes for all 
patients were reviewed. SSEP, Free-running and 
Trigged- EMG and BEAP were the used methods of 
IONM. Important demographic and clinical data were 
documented including age, gender.Preoperative 
neurological status obtained from the outpatient 
clinical notes, baseline neurophysiologic and 
radiographic data were reviewed by an observer. The 
operative reports, intraoperative monitoring records 
were recorded retrospectively and to determine specific 
intraoperative events, changes in the amplitude or 
latency of SSEP/BEAP and neurotonic discharges and 
CMAP response of Free-running and Trigged- EMG. 
Filumterminale or other tether wereidentified before 
transection by help of EMG monitoring of sphincter and 
lower limb muscles.
Monitoring:-
All neurophysiologic monitoring was performed by 
consultant neurophysiologist and trained technologists 
with experience in IONM. Baseline (Pre operative) and 
serial neurophysiologic monitoring was done. SSEP, 
BEAP, Free-running and Trigged- EMG were recorded 
pre and per operatively. Repeated recordings were 
taken from both lower and upper-extremities for 
Free-running and Triggered- EMG potentials. 
Lower-extremity (posterior tibial nerves) and 
upper-extremity (median nerves) were recorded for 
SSEP. 
Somatosensory-evoked potentials (SSEP):-
Both cortical (N20,P37) and peripheral (popliteal and 
erbs potentials) SSEP were elicited by a 300-µs 
square-wave electrical pulse presented, in turn, to the 
posterior tibial and median nerves at a rate of 4.7/s. 
Stimulation intensity levels ranged from 25 to 45 
mA.The recording band pass was typically 30 – 1 kHz 
(-3db). An analysis time of 75-150 ms for lower limb 
and 50 ms for upper limb was used.Generally 250 – 
1000 trials were needed; the number of trials 
depended on the amount of noise present and the 
amplitude of the SSEP signal itself (signal to noise 
ratio)[11].Cortical potentials were recorded from 
standard disc EEG electrodes affixed to standard cranial 
locations and referenced as per international criteria of 
monitoring [12][13][14][15].
Continuous Free-Running EMG Monitoring:-
Identification of neurotonic discharges are used to alert 
the surgeon of inadvertent trauma to roots and 
peripheral nerves in an effort to prevent irreversible 
nerve injury. Electromyography was typically recorded 
using paired intramuscular needle electrodes, which 
were insertedafter the patient was anesthetized but 
before the surgery started. The time base was100 
msec/division and the display sensitivity was 
50microV/division [2].
Stimulus-Triggered EMG :- 
Intraoperative CMAP responses are typically recorded 
using intramuscular needle electrodes and submaximal 
stimulation and polyphasic responses with variable 
onset latencies and amplitudes [16].The stimulator used 
was typically a hand-held monopolar or bipolar sterile 
device used within the operative field by the surgeon. 
The time base was 10 msec/ division and the display 
sensitivity  was 50 microV/division.
Significant alert:- 
Significant alert demanding intervention was defined as 
persistent neurotonic discharges in continuous 
free-running EMG monitoring and all-or-nothing 
CMAP-responses in Stimulus-triggered EMG 
monitoring, ≥50% of the amplitude reduction and or 
increase in the latency by ≥10% of the SSEP relative to 
a stable baseline.[2][3][13][17]
Results:-
There were 14 patients (8 male, 6 female patients) 
ranging in age from 4 to 70 years (average age 39 
years old) at the time of surgery. Preoperative baseline 
monitoring with the standard neuromonitoring protocol 
of SSEP was available in all required patients. A total of 
14 patients underwent for different corrective 
surgeries. All 14 patients did not show any signal alert 
and had no postoperative new neurodeficit. However 
one patient with acoustic neuroma on clinic follow up 
had worsening of facial weakness (House-Brackmann 
grade from II- to –III). Out of 14 patients in this study, 
six patients were spinal scoliosis, four patients had 
tethered cord syndrome with or without 
lipo/meningomyelocele, one patient with intramedullary 
thoracic spinal cord tumors, one patient with acoustic 
neuroma, one patient with post trumatic right brachial 
plexopathy and one patient with right Spastic 
hemiparesis. Filumterminale or other tether were 
identified before transection by help of triggered-EMG 
monitoring of sphincter and lower limb muscles.Out of 
the total of 14 patients, eight patients showed no 
neurodeficit in outpatient clinic and five patients were 
lost to follow up while one patient showed minimal 









































IONM is the use of electrophysiological methods such 
as evoked potentials (e,g.SSEP,MEP,BAEP) and 
electromyography (EMG) to monitor the functional 
integrity of certain  neural structures (e.g.nerves, spinal 
cord and parts of the brain) during surgery. The purpose 
of IONM is to reduce the risk of iatrogenic damage to 
the peripheral and central nervous system, and provide 
optimal functional guidance to the surgeon.Patients 
benefit from neuromonitoring during almost any surgery 
where there is risk to the nervous system. Most 
neuromonitoring is utilized by spine surgeons, but 
neurosurgeons, vascular, orthopedic, and 
otolaryngologists have all utilized neuromonitoring. The 
most common applications are in spinal surgery; 
selected brain surgeries; carotid endarterectomy, ENT 
procedures, acoustic neuroma resection, parotidectomy 
and peripheral nerve surgery. Motor evoked potentials 
have also been used in surgery for TAAA 
(thoracic-abdominal aortic aneurysms). Intraoperative 
monitoring is used to localize neural structures, to test 
function of these structures; and for early detection of 
intraoperative injury, allowing for immediate corrective 
measures.SSEP is used to monitor spinal cord function. 
A baseline pre-operatively is obtained, and if there are 
no significant changes during surgery the assumption is 
that the spinal cord has not been injured. If there is a 
significant change, corrective measures can be taken 
promptly. More recently transcranial electric motor 
evoked potentials (MEP) have also been used for spinal 
cord monitoring. EMG is used for cranial nerve 
monitoring in skull base pathologies and for nerve root 
monitoring and testing in spinal surgery. BAEP is used 
for monitoring of the acoustic nerve during acoustic 
neuroma and brainstem tumor resections.In 1992, the 
Scoliosis Research Society issued a position statement 
regarding the use of neurophysiologic monitoring during 
spinal surgery. They concluded that, ‘A substantial body 
of research has demonstrated that neurophysiologic 
monitoring can assist in the early detection of 
complications, and can possibly prevent postoperative 
morbidity in patients undergoing operations on the spine 
[18]. The Scoliosis Research Society considers 
neurophysiologic monitoring a viable alternative, as well 
as an adjunct, to the use of the wake-up test during 
spinal surgery.The goal of neurophysiologic monitoring is 
rapid detection of any neurological insult during surgical 
intervention on the nervous system and prompt early 
intervention, thus reversing the insult and avoiding 
adverse clinical sequelae. In our study, there was no 
case that had signal change in SSEP or neurotonic 
discharges on free-running EMG. Our study supports 
that neuromonitoring with SSEP and EMG during 
surgical correction is feasible and provides useful 
neurophysiologic data to reverse neurological insult. 
However in our study, IONM for spinal cord surgical 
correction was done with SSEP only. Isolated SSEP 
monitoring is not the standard of care anymore [19][20] 
.With MEP, combined multimodal spinal cord monitoring 
is more reliable to avoid neurological injury and provides 
additional information concerning the integrity of all 
neurological tracts of the spinal cordnot obtained with 
SSEP alone[21][22] .There are limitations of this study. 
Firstly all cases of spinal cord corrective surgeries 
particularly for scoliosis were used only SSEP modality 
without MEP monitoring due to unavailability in our 
hospital. Secondly, very few trained neurosurgeons 
request for neurophysiological intraoperative monitoring 
and therefore it was a very small sample size. Thirdly, 
there were no proper grounding setup in the operative 
room (OR) for otherwise preventable artifacts seen 
during monitoring. Fourthly, lack of knowledge of drugs 
effect on neurophysiologic modalities during NIOM by 
anesthetic team were also noted.
Conclusion:-
Multimodality neurophysiologic intraoperative 
monitoring appears to be the standard of care for 
monitoring functional integrity and reducing the risk of 
iatrogenic damage to the nervous system and to provide 
functional guidance to the surgeon. SSEP and MEP 
should be used together for spinal cord surgeries to 
minimize nervous tissues insults. 
References 
1- http://www.asnm.org.
2-  Husain AM, editor. ed. A Practical Approach to 
 Neurophysiologic Intraoperative Monitoring. New 
 York: Demos; 2008
3-  http://www.acns.org; Guideline 11A: 
 Recommended standards for Neurophysiologic 
 intraoperative monitoring-Principles.2009 
4-  http://www.acns.orgGuideline 11 C:
 Recommended standards for intraoperative 
 Auditory Evoked Potentials.2009.
5-  Nuwer MR, Dawson EG, Carlson LG, Kanim LE, 
 Sherman JE. Somatosensory evoked potential 
 spinal cord monitoring reduces neurologic deficits 
 after scoliosis surgery: results of a large 
 multicenter survey. 
 ElectroencephalographClinNeurophysiol 1995; 
 96:611.
6-  Lesser RP, Raudzens P, Luders H, Nuwer MR,
 Goldie WD, Morris 3rd HH, et al. Postoperative 
 neurological deficits may occur despite 
 unchanged intraoperative somatosensory evoked 
 potentials. Ann Neurol 1986; 19:22–5.
7-  Lyon R, Feiner J, Lieberman JA. Progressive 
 suppression of motor evoked potentials during 
 general anesthesia: the phenomenon of 
 “anesthetic fade”. J NeurosurgAnesthesiol2005; 
 17:13–19.
8-  MacDonald DB ,Skinner S, Shils J ,Yingling C. 
 Intraoperative motor evoked potential monitoring 
 – A position statement by the American Society of 
 Neurophysiological Monitoring.ClinNeurophysiol 
 (2013), 
9-  Kircher ML, Kartush JM. Pitfalls in intraoperative 
 nerve monitoring during vestibular schwannoma 
 surgery.Neurosurg Focus. Sep 2012; 33(3):E5.
10-  Khealani B and A Husain (2009) Neurophysiologic
 intraoperative monitoring during surgery for 
 tethered cord syndrome. J ClinNeurophysiol 
 26:76–81.
11- http://www.acns.org; Guideline 11B:
 Recommended standards for intraoperative 
 monitoring of Somatosensory Evoked Potentials. 
12- Schwartz DM, Auerbach JD, Dormans JP.
 Neurophysiological detection of impending spinal 
 cord injury. J Bone Joint Surg Am. 
 2007;89:2440–9. [PubMed]
13-  Kim DH, Zaremski J, Kwon B. Risk factors for false 
 positive transcranial motor evoked potential 
 monitoring alerts during surgical treatment of 
 cervical myelopathy. Spine. 2007;32:3041–6. 
[PubMed]
14- Schwartz DM, Sestokas AK. Systems based 
 algorithmic approach to intraoperative 
 neurophysiological monitoring during spinal 
 surgery. Semin Spine Surg. 2002;14:136–45.
15- Deletis V. Intraoperative neurophysiology and
 methodologies used to monitor the functional 
 integrity of the motor system. In: Deletis V, Shils 
 JL, editors. Neurophysiology in neurosurgery: A 
 modern intraoperative approach. New York: 
 Academic Press; 2002. pp. 25–6.
16- Daube J and C Harper (1989) Surgical monitoring
 of cranial and peripheral nerves, in 
 Neuromonitoring in Surgery, J Desmedt, Editor. 
 Elsevier Science Publishers: Amesterdam. 
 115–38.
17- Seyal M, Mull B. Mechanisms of signal change 
 during intraoperative somatosensory evoked 
 potential monitoring of the spinal cord. J 
 ClinNeurophysiol. 2002;19:409–15. [PubMed]
18- Scoliosis Research Society. Position statement: 
 Somatosensory evoked potential monitoring of 
 neurologic spinal cord function during spinal 
 surgery. Scoliosis Res Soc. 1992.
19- Bejjani GK, Nora PC, Vera PL, Broemling L, Sekhar
 LN. The predictive value of intraoperative 
 somatosensory-evoked potential monitoring: 
 Review of 244 procedures. Neurosurgery. 
 1998;43:491–8. [PubMed]
20- Ginsberg HH, Shetter AG, Raudzens PA.
 Postoperative paraplegia with preserved 
 intraoperative somatosensory-evoked potentials.J 
 Neurosurg. 1985;63:296–300. [PubMed]
21-  Kai Y, Owen JH, Kenke LG, Bridwell KH, Oakley
 DM, Sugioka Y. Use of sciatic neurogenic 
 motor-evoked potentials versus spinal potentials 
 to predict early-onset neurologic deficits when 
 intervention is still possible during over distraction. 
 Spine. 1993;18:1134–9. [PubMed]
22- Pelosi L, Lamb J, Grevitt M, Mehdian SM, Webb 
 JK, Blumhardt LD. Combined monitoring of motor 
 and somatosensory evoked potentials in 
 orthopaedic spinal surgery. ClinNeurophysiol. 
 2002;113:1082–91. [PubMed]
1 8 V O L .  1 1  ( 2 )  A P R   -   J U N   2 0 1 6P A K I S T A N  J O U R N A L  O F  N E U R O L O G I C A L  S C I E N C E S
Figure I: MRI Brain in CNS TB
Figure I:  MRI Brain in CNS TB: A: Hydrocephalus as 
shown in MRI brain of one of our patients (No.22) 
depicted by dilated anterior and posterior horns of 
lateral ventricles (arrow heads),B: DWI MRI Brain 
showing restricted diffusion in right sided basal ganglia 
and thalamus regions in one of our patients (No.35) 
(arrow head in circle), C: Schematic of MRI Brain T1WI 
with contrast studded with multiple small tuberculomas 
(arrow heads)(No.72)D: MRI Brain T1WI with contrast 
showing basal meningeal enhancement (thick arrow 
head within circle) in one of our patients (No.83).
Figure II: MRI Brain findings and distribution of 
mortality: vertical double capped lines show 1 SD.
DISCUSSION
TBM is the most common cause of chronic meningitis 
caused by mycobacterium tuberculosis in the 
developing countries and is a major public health 
problem due to its permanent neurological sequelae 
and mortality. [4] It is the most common and severe form 
of central nervous system tuberculosis with invasion 
and involvement of the meninges and the underlying 
brain parenchyma. The diagnosis of TBM is elusive and 
high index of suspicion is necessary for early diagnoses. 
The definitive diagnosis of TBM is dependent on 
microbiological testing by demonstrating M. 
tuberculosis on smear as AFB or culture of the CSF. 
[16,17]CSF acid fast bacillus has a low sensitivity of 
20-40%.[18]CSF culture is a time-consuming procedure. 
Moreover, CSF culture can be negative in 15-75% of 
cases.[6] Treatment delay is often associated with high 
fatality therefore early recognition is of paramount 
importance as the clinical outcome depends upon the 
stage at which therapy is initiated.[2,17] Current 
antituberculous drugs are highly effective when 
treatment commences early, before the onset of 
complications.The typical neuroradiological findings of 
TBM appear due to the pathophysiology of TBM which 
can aid in the diagnosis of TBM.[19,20]However, the 
diagnostic value hasn’t been fully validated in studies. 
Moreover, data on the utility of neuroradiology in 
predicting the outcome of TBM is even more 
limited.Cranial imaging is useful in diagnosing TBM, 
predicting its complications and also has a prognostic 
value.[14,21-25]  Some studies comparing CT to MRI have 
indicated MRI as a superior diagnostic imaging 
modality.[23-25]  In this study, NECT brain was obtained in 
all the patients prior to lumbar puncture, due to easy 
availability and quick completion. CT brain was 
abnormal in 67% of the patients. In a review of 289 
patients published in the year 2000 CT brain was found 
to be abnormal in 87% cases.[26]  This difference in 
radiological yield may be attributed to the fact that they 
performed both NECT and CT with contrast while we 
only got the former done. MRI brain with contrast with 
DWI and ADC was done in 61% of the patients. Out of 
the 61 patients in whom MRI scans were done 88.5% 
had radiological findings. This finding is almost 
comparable to a study in which MRI brain revealed 
findings in 90% cases.[27]   MRI showed even more 
findings in cases where CT scan results were suspicious 
or normal especially in case of meningeal 
enhancement or tuberculomas as seen in earlier 
studies.[27] In this study 10 patients had normal CT 
scans of the brain, while the MRI scans of these 
patients revealed abnormal findings. MRI with contrast 
has higher efficacy for detecting tuberculomas, basal 
enhancement and infarction in TBM. Majority of the 
patients in this study presented in MRC stage 2 which 
is comparable with most of other studies. [28]The 
delayed presentation of TBM may be attributed to the 
poor socioeconomic background and low literacy rate of 
most of our patients, especially those from remote rural 
areas who do not seek proper medical assistance until 
the terminal stages of the disease. However, this just a 
theoretical assumption and requires proper statistical 
validation. Ischemia/infarcts were observed in 13% of 
the patients. Previous studies reported the incidence of 
infarction in TBM as ranging from 13% to 
53%.[29-31]Those patients who had infarcts on CT or MRI 
brain had greater morbidity reflected by MRC stage of 
mostly 3. Almost 60% mortality was seen in these 
patients. Infarcts have been shown to be associated 
with poor outcome in TBM as shown Wasay et al in their 
study.[14] MR scans especially DWI sequences were 
superior in detecting infarcts. The mean age of patients 
with TBM complicated by infarcts was 35.12 ± 2.18 
years (75% males)  in our study which was much lower 
than the mean of age of similar patients in their study 
i.e. 57 ± 17.6 (56.7% males). They attributed it to 
Ischemic heart disease while we propose an infection 
relatedvasculitis as the etiology which tends to be more 
common in younger patients. This however, needs 
validation in a separate study designed to evaluate 
patients of TBM with infarcts alone.Tuberculomas were 
detected in 33 of the patients in this study (54%). 
Tuberculomas are common forms of CNS TB and result 
from parenchymal rich foci.[10]Tuberculomas are 
frequently multiple. [10,26,27]In this study 82.4% of these 
33 patients had multiple tuberculomas. Patients with 
tuberculomas were mostly in MRC stage 2. However, 
mortality was not statistically significant. This is in 
contrast to older studies;[32] but corresponds to the 
results of the study by Wasay et al.[14] Hydrocephalus is 
a common complication of TBM, and was seen in 61% 
cases in this study which is in accordance with most of 
the other studies.[32,33]The reported frequency of 
hydrocephalus varies from 12% to 77% in patients with 
TBM in various case series.[16,32-34] Patients with 
hydrocephalus were mostly in MRC stage 2 and had a 
higher mortality compared to those with normal 
neuroimaging. In conclusion, patients with infarcts had 
a worse outcome as compared to those with 
hydrocephalus or tuberculomas.MRI scans provided 
additional findings such as tuberculomas and infarcts 
not identified on CT. This might help in modifying drug 
regime or duration of therapy by follow up scans and 
comparing scans for resolution of findings. This study 
was limited by the fact that patients were screened only 
at the commencement of therapy, and there was no set 
protocol for follow up of patients who develop these 
complications during the course of treatment or 
whether initiating prompt therapy conferred a better 
outcome as we did not study end of treatment 
outcomes.  Neuroradiological findings such as infarcts, 
tuberculoma or hydrocephalus, are helpful for the 
diagnosis of TBM in the early stages before a 
microbiological diagnosis is established.[35-37] MRI and 
CT scanning are also critical in predicting the outcome 
and in evaluating the complications of the disease as 
shown in the study by Wasay et al.[14] Therefore, MRI 
brain with contrast and DWI sequences should be 
performed for all patients in the early stage of the 
disease to detect specific signs related with poor 
outcome. It may reveal specific radiological findings 
associated with TBM which contribute to diagnostic 
certainty.
CONCLUSION
Neuroimaging techniques are a handy tool in the early 
diagnosis of TBM. MRI is particularly helpful in defining 
findings such as infarcts and tuberculomas and in 
predicting mortality and morbidity.
DISCLAIMER
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INTRODUCTION 
IONM is used to monitor thefunctional integrity of the 
central or peripheral nervous system in “real time” ,that 
is during the ongoing operative procedures. It alarms 
the surgeon to potential neurologic injury and prompt 
implementation of corrective measures to prevent 
permanent disability, thus improves surgical 
outcomes[1]. IONM is performed using a variety of 
neurophysiologic techniques including; Evoked 
potentials (EPs), Electromyography (EMG), Nerve 
action potential (NAP)and Electroencephalography 
(EEG) to monitor the functional integrity of certain 
neural structures (e.g. nerves, spinal cord and parts of 
the brain) during surgery. [2]
Somatosensory Evoked Potentials (SSEP)
SSEP evaluates the integrity of the large fiber sensory 
system. SSEP are obtained by direct electrical 
stimulation of peripheral nerves and recording at 
different levels within the neuraxis. Serially recorded 
responses are compared with laboratory norms. 
Establishing a reproducible baseline recording prior to 
any positioning or surgical manipulations is important. 
Changes from the baseline responses are the most 
important indicators of neurological dysfunction. Blood 
pressure, temperature and volatile anesthetics effects 
(halogenated and nitrous oxide) should be monitored 
simultaneously with the neurophysiologic data. [3]  SSEP 
uses in different surgical procedures like spinal surgery, 
carotid surgeries including endarterectomy, cerebral 
aneurysm surgery, Aortic cross-clamping and 
localization of sensorimotor cortex.
Brainstem Auditory Evoked Potentials (BAEP) 
BAEPs are short-latency potentials reflecting the 
depolarization of several structures within the auditory 
pathways. It is essential that these baseline BAEPs be 
recorded using the same parameters for stimulation 
and recording that are to be used for intraoperative 
monitoring.
Anatomical localization of BAEP Waves:-
Recordings are obtained by stimulating with auditory 
clicks in the ear. Compression, traction, thermal injury, 
and ischemia are the commonest causes of surgical 
injurries to auditory system. Ischemia of the cochlea 
occurs from trauma to the internal auditory artery and 
causes a sudden loss of all BAEP waveforms. BAEP is 
insensitive to anesthetics including volatile agents. [4]
Changes in latency, interlatencies difference and 
amplitude of BEAP waves I, III and V can be monitored 
during CPA tumors surgery, microvascular 
decompression (MVD) of VII nerve,V nerve and IX 
nerve, skull base surgery, suboccipital decompression 
and vascular surgeries of posterior circulation.The 
stimulus use for BAEP is an auditory click which is a 
broad band sound range between (500-4000 Hz) 
delivering various audio frequencies so BAEP cannot 
exclude a specific frequency hearing deficit or a mild 
hearing deficit(<500hz). BAEP can change 
dramatically in neonates and infants before the age of 
two years. 
Motor Evoked Potentials(MEP):-
SSEP monitoring was used in the past to reduce the 
risk of motor system injury. [5]However, significant motor 
deficits have been seen in patients undergoing spinal 
surgery despite normal SSEPs.[5][6] In conjunction with 
MEP and SSEPs, the anterior and posterior portions of 
the spinal cord can be monitored together. MEPs are 
sensitive to volatile anesthetic(halogenated and nitrous 
oxide) and especially neuromuscular blockade. Motor 
evoked potentials (MEPs) are obtained by electrically 
stimulating the brain and recording the response over 
the spinal cord (Direct = D and Indirect = I waves), 
peripheral nerves (nerve action potentials), or muscles 
(compound muscle action potentials). For robust MEP 
signals, complete loss of MEP signal or abrupt 
significant decrease in amplitude of 80% or more in the 
absence of an explanation other than surgical injury is 
considered significant. Gradual changes in MEP signals 
more commonly reflect systemic factors or an 
“anesthetic fade” phenomenon [7].Indications for MEP 
monitoring include any surgery risking motor injury. The 
most common indications arise during tumor or 
epileptic focus resections near the motor cortex or 
corticospinal tract, intracranial aneurysm clipping, 
posterior fossa surgery, craniocervical junction and 
spinal operations, spinal cord procedures and tethered 
cord or caudaequinasurgeries.Vascular indications 
include descending aortic procedures, spinal 
arteriovenous malformation interventions and carotid 
endarterectomy.Safety issues include thermal injury of 
the brain or scalp, bite injuries, seizures, 
movement-induced injury and  arrhythmias. Relative 
contraindications include patients with epilepsy, 
cortical lesions, skull defects, intracranial vascular 
clips, shunts, or electrodes; and pacemakers or other 
implanted bioelectric devices. [8]
Free-running and Triggered EMG :-
Free-run EMG (f-EMG) consists of recording 
spontaneous muscle activity, thus allowing its real-time 
assessment.  IONM use as a monitoring tool helps for 
detecting surgically driven mechanical irritation of the 
peripheral nervous system and of the cranial nerves, 
before irreversible damage to these structures 
occurred. Triggered EMG consists of applying an 
electrical stimulus, directly on the peripheral motor 
nerves or roots, for eliciting CMAPs to be recorded in 
the corresponding muscles. Thus, it can be used as a 
mapping tool for detecting the location of peripheral or 
cranial nerves that may be difficult to distinguish from 
tumoral, fibrous and fatty tissues during surgical 
resections. Triggered EMG can also be used in checking 
the functions of injured nerves, roots, or trunks by 
assessing the electrical transmission through such 
structures and comparing it with a healthy (or 
presurgical) baseline. Free-run and triggered EMG uses 
in facial nerve/other cranial nerve monitoring, selective 
dorsal rhizotomy,tethered spinal cord release and 
pedicle screw placement.[9][10]
Methodology:-
We evaluated the retrospectively collected 
neuromonitoring data of 14 consecutive post operated 
cases including idiopathic spinal scoliosis, tethered 
cord syndrome, intramedullary spinal cord tumor, 
Acoustic neuroma , Post traumatic right Brachial 
plexopathy repair, Right Spastic hemiparesis by 
independent observer from  2012 -to -2013. Patients 
with established diagnosis with age group 4 to 70 years 
operated at single institution Aga Khan University 
Hospital Karachi, Pakistan. Retrospectively collected 
medical records, intraoperative monitoring records, 
operative narratives and outpatient clinical notes for all 
patients were reviewed. SSEP, Free-running and 
Trigged- EMG and BEAP were the used methods of 
IONM. Important demographic and clinical data were 
documented including age, gender.Preoperative 
neurological status obtained from the outpatient 
clinical notes, baseline neurophysiologic and 
radiographic data were reviewed by an observer. The 
operative reports, intraoperative monitoring records 
were recorded retrospectively and to determine specific 
intraoperative events, changes in the amplitude or 
latency of SSEP/BEAP and neurotonic discharges and 
CMAP response of Free-running and Trigged- EMG. 
Filumterminale or other tether wereidentified before 
transection by help of EMG monitoring of sphincter and 
lower limb muscles.
Monitoring:-
All neurophysiologic monitoring was performed by 
consultant neurophysiologist and trained technologists 
with experience in IONM. Baseline (Pre operative) and 
serial neurophysiologic monitoring was done. SSEP, 
BEAP, Free-running and Trigged- EMG were recorded 
pre and per operatively. Repeated recordings were 
taken from both lower and upper-extremities for 
Free-running and Triggered- EMG potentials. 
Lower-extremity (posterior tibial nerves) and 
upper-extremity (median nerves) were recorded for 
SSEP. 
Somatosensory-evoked potentials (SSEP):-
Both cortical (N20,P37) and peripheral (popliteal and 
erbs potentials) SSEP were elicited by a 300-µs 
square-wave electrical pulse presented, in turn, to the 
posterior tibial and median nerves at a rate of 4.7/s. 
Stimulation intensity levels ranged from 25 to 45 
mA.The recording band pass was typically 30 – 1 kHz 
(-3db). An analysis time of 75-150 ms for lower limb 
and 50 ms for upper limb was used.Generally 250 – 
1000 trials were needed; the number of trials 
depended on the amount of noise present and the 
amplitude of the SSEP signal itself (signal to noise 
ratio)[11].Cortical potentials were recorded from 
standard disc EEG electrodes affixed to standard cranial 
locations and referenced as per international criteria of 
monitoring [12][13][14][15].
Continuous Free-Running EMG Monitoring:-
Identification of neurotonic discharges are used to alert 
the surgeon of inadvertent trauma to roots and 
peripheral nerves in an effort to prevent irreversible 
nerve injury. Electromyography was typically recorded 
using paired intramuscular needle electrodes, which 
were insertedafter the patient was anesthetized but 
before the surgery started. The time base was100 
msec/division and the display sensitivity was 
50microV/division [2].
Stimulus-Triggered EMG :- 
Intraoperative CMAP responses are typically recorded 
using intramuscular needle electrodes and submaximal 
stimulation and polyphasic responses with variable 
onset latencies and amplitudes [16].The stimulator used 
was typically a hand-held monopolar or bipolar sterile 
device used within the operative field by the surgeon. 
The time base was 10 msec/ division and the display 
sensitivity  was 50 microV/division.
Significant alert:- 
Significant alert demanding intervention was defined as 
persistent neurotonic discharges in continuous 
free-running EMG monitoring and all-or-nothing 
CMAP-responses in Stimulus-triggered EMG 
monitoring, ≥50% of the amplitude reduction and or 
increase in the latency by ≥10% of the SSEP relative to 
a stable baseline.[2][3][13][17]
Results:-
There were 14 patients (8 male, 6 female patients) 
ranging in age from 4 to 70 years (average age 39 
years old) at the time of surgery. Preoperative baseline 
monitoring with the standard neuromonitoring protocol 
of SSEP was available in all required patients. A total of 
14 patients underwent for different corrective 
surgeries. All 14 patients did not show any signal alert 
and had no postoperative new neurodeficit. However 
one patient with acoustic neuroma on clinic follow up 
had worsening of facial weakness (House-Brackmann 
grade from II- to –III). Out of 14 patients in this study, 
six patients were spinal scoliosis, four patients had 
tethered cord syndrome with or without 
lipo/meningomyelocele, one patient with intramedullary 
thoracic spinal cord tumors, one patient with acoustic 
neuroma, one patient with post trumatic right brachial 
plexopathy and one patient with right Spastic 
hemiparesis. Filumterminale or other tether were 
identified before transection by help of triggered-EMG 
monitoring of sphincter and lower limb muscles.Out of 
the total of 14 patients, eight patients showed no 
neurodeficit in outpatient clinic and five patients were 
lost to follow up while one patient showed minimal 
worsen of facial neuropathy.
Discussion:-
IONM is the use of electrophysiological methods such 
as evoked potentials (e,g.SSEP,MEP,BAEP) and 
electromyography (EMG) to monitor the functional 
integrity of certain  neural structures (e.g.nerves, spinal 
cord and parts of the brain) during surgery. The purpose 
of IONM is to reduce the risk of iatrogenic damage to 
the peripheral and central nervous system, and provide 
optimal functional guidance to the surgeon.Patients 
benefit from neuromonitoring during almost any surgery 
where there is risk to the nervous system. Most 
neuromonitoring is utilized by spine surgeons, but 
neurosurgeons, vascular, orthopedic, and 
otolaryngologists have all utilized neuromonitoring. The 
most common applications are in spinal surgery; 
selected brain surgeries; carotid endarterectomy, ENT 
procedures, acoustic neuroma resection, parotidectomy 
and peripheral nerve surgery. Motor evoked potentials 
have also been used in surgery for TAAA 
(thoracic-abdominal aortic aneurysms). Intraoperative 
monitoring is used to localize neural structures, to test 
function of these structures; and for early detection of 
intraoperative injury, allowing for immediate corrective 
measures.SSEP is used to monitor spinal cord function. 
A baseline pre-operatively is obtained, and if there are 
no significant changes during surgery the assumption is 
that the spinal cord has not been injured. If there is a 
significant change, corrective measures can be taken 
promptly. More recently transcranial electric motor 
evoked potentials (MEP) have also been used for spinal 
cord monitoring. EMG is used for cranial nerve 
monitoring in skull base pathologies and for nerve root 
monitoring and testing in spinal surgery. BAEP is used 
for monitoring of the acoustic nerve during acoustic 
neuroma and brainstem tumor resections.In 1992, the 
Scoliosis Research Society issued a position statement 
regarding the use of neurophysiologic monitoring during 
spinal surgery. They concluded that, ‘A substantial body 
of research has demonstrated that neurophysiologic 
monitoring can assist in the early detection of 
complications, and can possibly prevent postoperative 
morbidity in patients undergoing operations on the spine 
[18]. The Scoliosis Research Society considers 
neurophysiologic monitoring a viable alternative, as well 
as an adjunct, to the use of the wake-up test during 
spinal surgery.The goal of neurophysiologic monitoring is 
rapid detection of any neurological insult during surgical 
intervention on the nervous system and prompt early 
intervention, thus reversing the insult and avoiding 
adverse clinical sequelae. In our study, there was no 
case that had signal change in SSEP or neurotonic 
discharges on free-running EMG. Our study supports 
that neuromonitoring with SSEP and EMG during 
surgical correction is feasible and provides useful 
neurophysiologic data to reverse neurological insult. 
However in our study, IONM for spinal cord surgical 
correction was done with SSEP only. Isolated SSEP 
monitoring is not the standard of care anymore [19][20] 
.With MEP, combined multimodal spinal cord monitoring 
is more reliable to avoid neurological injury and provides 
additional information concerning the integrity of all 
neurological tracts of the spinal cordnot obtained with 
SSEP alone[21][22] .There are limitations of this study. 
Firstly all cases of spinal cord corrective surgeries 
particularly for scoliosis were used only SSEP modality 
without MEP monitoring due to unavailability in our 
hospital. Secondly, very few trained neurosurgeons 
request for neurophysiological intraoperative monitoring 
and therefore it was a very small sample size. Thirdly, 
there were no proper grounding setup in the operative 
room (OR) for otherwise preventable artifacts seen 
during monitoring. Fourthly, lack of knowledge of drugs 
effect on neurophysiologic modalities during NIOM by 
anesthetic team were also noted.
Conclusion:-
Multimodality neurophysiologic intraoperative 
monitoring appears to be the standard of care for 
monitoring functional integrity and reducing the risk of 
iatrogenic damage to the nervous system and to provide 
functional guidance to the surgeon. SSEP and MEP 
should be used together for spinal cord surgeries to 
minimize nervous tissues insults. 
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Figure I: MRI Brain in CNS TB
Figure I:  MRI Brain in CNS TB: A: Hydrocephalus as 
shown in MRI brain of one of our patients (No.22) 
depicted by dilated anterior and posterior horns of 
lateral ventricles (arrow heads),B: DWI MRI Brain 
showing restricted diffusion in right sided basal ganglia 
and thalamus regions in one of our patients (No.35) 
(arrow head in circle), C: Schematic of MRI Brain T1WI 
with contrast studded with multiple small tuberculomas 
(arrow heads)(No.72)D: MRI Brain T1WI with contrast 
showing basal meningeal enhancement (thick arrow 
head within circle) in one of our patients (No.83).
Figure II: MRI Brain findings and distribution of 
mortality: vertical double capped lines show 1 SD.
DISCUSSION
TBM is the most common cause of chronic meningitis 
caused by mycobacterium tuberculosis in the 
developing countries and is a major public health 
problem due to its permanent neurological sequelae 
and mortality. [4] It is the most common and severe form 
of central nervous system tuberculosis with invasion 
and involvement of the meninges and the underlying 
brain parenchyma. The diagnosis of TBM is elusive and 
high index of suspicion is necessary for early diagnoses. 
The definitive diagnosis of TBM is dependent on 
microbiological testing by demonstrating M. 
tuberculosis on smear as AFB or culture of the CSF. 
[16,17]CSF acid fast bacillus has a low sensitivity of 
20-40%.[18]CSF culture is a time-consuming procedure. 
Moreover, CSF culture can be negative in 15-75% of 
cases.[6] Treatment delay is often associated with high 
fatality therefore early recognition is of paramount 
importance as the clinical outcome depends upon the 
stage at which therapy is initiated.[2,17] Current 
antituberculous drugs are highly effective when 
treatment commences early, before the onset of 
complications.The typical neuroradiological findings of 
TBM appear due to the pathophysiology of TBM which 
can aid in the diagnosis of TBM.[19,20]However, the 
diagnostic value hasn’t been fully validated in studies. 
Moreover, data on the utility of neuroradiology in 
predicting the outcome of TBM is even more 
limited.Cranial imaging is useful in diagnosing TBM, 
predicting its complications and also has a prognostic 
value.[14,21-25]  Some studies comparing CT to MRI have 
indicated MRI as a superior diagnostic imaging 
modality.[23-25]  In this study, NECT brain was obtained in 
all the patients prior to lumbar puncture, due to easy 
availability and quick completion. CT brain was 
abnormal in 67% of the patients. In a review of 289 
patients published in the year 2000 CT brain was found 
to be abnormal in 87% cases.[26]  This difference in 
radiological yield may be attributed to the fact that they 
performed both NECT and CT with contrast while we 
only got the former done. MRI brain with contrast with 
DWI and ADC was done in 61% of the patients. Out of 
the 61 patients in whom MRI scans were done 88.5% 
had radiological findings. This finding is almost 
comparable to a study in which MRI brain revealed 
findings in 90% cases.[27]   MRI showed even more 
findings in cases where CT scan results were suspicious 
or normal especially in case of meningeal 
enhancement or tuberculomas as seen in earlier 
studies.[27] In this study 10 patients had normal CT 
scans of the brain, while the MRI scans of these 
patients revealed abnormal findings. MRI with contrast 
has higher efficacy for detecting tuberculomas, basal 
enhancement and infarction in TBM. Majority of the 
patients in this study presented in MRC stage 2 which 
is comparable with most of other studies. [28]The 
delayed presentation of TBM may be attributed to the 
poor socioeconomic background and low literacy rate of 
most of our patients, especially those from remote rural 
areas who do not seek proper medical assistance until 
the terminal stages of the disease. However, this just a 
theoretical assumption and requires proper statistical 
validation. Ischemia/infarcts were observed in 13% of 
the patients. Previous studies reported the incidence of 
infarction in TBM as ranging from 13% to 
53%.[29-31]Those patients who had infarcts on CT or MRI 
brain had greater morbidity reflected by MRC stage of 
mostly 3. Almost 60% mortality was seen in these 
patients. Infarcts have been shown to be associated 
with poor outcome in TBM as shown Wasay et al in their 
study.[14] MR scans especially DWI sequences were 
superior in detecting infarcts. The mean age of patients 
with TBM complicated by infarcts was 35.12 ± 2.18 
years (75% males)  in our study which was much lower 
than the mean of age of similar patients in their study 
i.e. 57 ± 17.6 (56.7% males). They attributed it to 
Ischemic heart disease while we propose an infection 
relatedvasculitis as the etiology which tends to be more 
common in younger patients. This however, needs 
validation in a separate study designed to evaluate 
patients of TBM with infarcts alone.Tuberculomas were 
detected in 33 of the patients in this study (54%). 
Tuberculomas are common forms of CNS TB and result 
from parenchymal rich foci.[10]Tuberculomas are 
frequently multiple. [10,26,27]In this study 82.4% of these 
33 patients had multiple tuberculomas. Patients with 
tuberculomas were mostly in MRC stage 2. However, 
mortality was not statistically significant. This is in 
contrast to older studies;[32] but corresponds to the 
results of the study by Wasay et al.[14] Hydrocephalus is 
a common complication of TBM, and was seen in 61% 
cases in this study which is in accordance with most of 
the other studies.[32,33]The reported frequency of 
hydrocephalus varies from 12% to 77% in patients with 
TBM in various case series.[16,32-34] Patients with 
hydrocephalus were mostly in MRC stage 2 and had a 
higher mortality compared to those with normal 
neuroimaging. In conclusion, patients with infarcts had 
a worse outcome as compared to those with 
hydrocephalus or tuberculomas.MRI scans provided 
additional findings such as tuberculomas and infarcts 
not identified on CT. This might help in modifying drug 
regime or duration of therapy by follow up scans and 
comparing scans for resolution of findings. This study 
was limited by the fact that patients were screened only 
at the commencement of therapy, and there was no set 
protocol for follow up of patients who develop these 
complications during the course of treatment or 
whether initiating prompt therapy conferred a better 
outcome as we did not study end of treatment 
outcomes.  Neuroradiological findings such as infarcts, 
tuberculoma or hydrocephalus, are helpful for the 
diagnosis of TBM in the early stages before a 
microbiological diagnosis is established.[35-37] MRI and 
CT scanning are also critical in predicting the outcome 
and in evaluating the complications of the disease as 
shown in the study by Wasay et al.[14] Therefore, MRI 
brain with contrast and DWI sequences should be 
performed for all patients in the early stage of the 
disease to detect specific signs related with poor 
outcome. It may reveal specific radiological findings 
associated with TBM which contribute to diagnostic 
certainty.
CONCLUSION
Neuroimaging techniques are a handy tool in the early 
diagnosis of TBM. MRI is particularly helpful in defining 
findings such as infarcts and tuberculomas and in 
predicting mortality and morbidity.
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